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The MEADE ETX80 


A completely affordable Portable Personal Observatory, 
featuring a 80mm f/5 Refractor (with switchable internal 
3x Barlow lens) on a double fork, dual axis driven alt/az 

mounting with fully computerised Autostar GoTo Handset 
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-_ of knowledge 


A permanent human presence on the Moon has long been 
the subject of science-fiction and the recent discovery 
that water might be present in large quantities at the 
lunar poles has increased interest in researching the 
possibility of amanned colony on our nearest neighbour. 
Indeed, there are some good scientific reasons for 

this base; it could look for asteroids heading for Earth, 
monitor our climate and oceans and even aid in the 

hunt for subatomic particles. The idea was first floated 
by the US Army back in 1959, who planned that Project 
Horizon would establish a 21-man fort on the Moon by 
1967. The base would have required 147 rocket launches 
and was deemed too costly to pursue. Many other ideas 
and proposals have been floated since but the discovery 
of water along with the potential to mine the Moon for 
valuable helium-3 has given increased credence to a 
permanent lunar colony, and we're taking a good look at 
the current ideas, proposals and theories that surround 
these exciting possibilities in this issue of All About 
Space, starting on page 16. 

As the regular All About... series continues its journey 
through the Solar System, this month it stops at Saturn, 
the jewel of the Solar System and arguably the most 
stunning known planet. You can enjoy the wonders of its 
rings and moons on page 50 of this issue. 

Finally, if you want to give your grey matter a workout 
try wrapping it around the subject of dark matter, a 
mystery that the finest minds on the planet are yet to 
solve and one that we attempt to explain on page 38. 
Enjoy the issue... we did! 








Dave Harfield 
Editor in Chief 
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galactictadpole_ . — 
Around 420 million light years from Earth in the i] = r 
direction of the northern constellation Draco, lies , 
the disrupted barred spiral galaxy of UGC 10214, , — 
which is also known as the Tadpole Galaxy due 
= to its eye-catching tail. This tail is about 280,000 ; f 
light years long and was drawn out by the = 
gravitational forces created when a more compact , 
intruder galaxy crossed in front of UGC 10214. This : 
tidal force drew out the spiral galaxy's stars and y 
dust to form this stunning stella phenomena. 
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AO years since 
man left the Moon 


Apollo 17 was the 11th and final manned mission in the 
United States Apollo space programme. It took off on 

7 December 1972, landing on the Moon four days later. 
When Eugene Cernan and Harrison Schmitt left the 
lunar surface on 14 December 1972 they became the last 
humans to set foot on another world. 


1. Harrison Schmitt working at the Lunar Roving 
Vehicle near Shorty crater. 


2. Eugene Cernan beside the Lunar Roving 
Vehicle. The prominent Sculptured Hills lie in the 
background, while Schmitt's reflection can just 
about be made out in Cernan's helmet. 


3. Schmitt collects rock samples from a huge boulder 
near the valley of Taurus-Littrow. 


4. The Taurus-Littrow site was selected with the 
prediction that the crew would be able to obtain 
samples of old highland material from the remnants 
of a landslide event that occurred on the south wall 
of the valley and the possibility of relatively young, 
explosive volcanic activity in the area. 
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New alien planet is 


best chance for life yet 


Heavyweight ‘Earth’ stakes claim for most habitable planet in known universe 


A new super-Earth discovered by a 
team of scientists could be our planet's 
heavyweight twin. The exoplanet, 42 
light years away, is in the habitable 
zone of its star HD 40307 and is one of 
the best candidates for a planet outside 
of our Solar System to harbour life. 

The position of the distant world 
from its parent star means that it is 
neither too hot nor too cold, with the 
team suspecting that there could be 
water and even a stable atmosphere 
residing on its surface. “The star is a 
perfectly quiet old dwarf star, so there 
is no reason why such a planet could 
not sustain an Earth-like climate,” says 
researcher Guillem Anglada-Escudé 
from the University of Gottingen. 

And it seems that the hefty seven- 
Earth-mass exoplanet, catalogued as 


Could heavyweight super-Earth 
HD 40307 g support life? 


12 


HD 40307 g, is not alone. The team 
have found an additional two worlds 
around HD 40307 to add to three 
others previously uncovered there by 
HARPS (High Accuracy Radial Velocity 
Planet Searcher) which were found to 
be too hot for life as we know it due 
to their tight orbits around HD 40307, 
which is somewhat smaller and less 
luminous than our Sun. “We studied 
stellar spectra (the Doppler method 

is based on observing periodic shifts 
in the positions of the spectral lines) 
where any activity-related effects are 
likely found in the blue end of the 
spectrum while the planetary signals 
cannot depend on the wavelength,” 
says lead researcher Mikko Tuomi 

of the University of Hertfordshire. 
“This enabled us to distinguish the 


planetary signals from activity-induced 
variations and led to the detections [of 
the three additional planets].” 

Not only does HD 40307 g, the 
furthest out of the sextuplet, get 
bathed in enough heat to allow liquid 
Water on its surface, but the team 
strongly suspect that the planet 
may be rotating on its axis, twirling 
around HD 40307 creating an Earth- 
like environment, increasing the 
likelihood of habitability. However, 
confirming if the distant world has a 
favourable climate will be something 


that astronomers won't be able to 
address properly for the foreseeable 
future. “This will only become possible 
with future space telescopes capable 
of direct imaging,” says Tuomi, who 
carried out the work as a member of 
the European science network RoPACS 
(Rocky Planets Around Cool Stars). 

“Discoveries like this are really 
exciting, and will be natural targets for 
the next generation of large telescopes, 
both on the ground and in space,” adds 
David Pinfield who leads RoPACS from 
the University of Hertfordshire. @ 


“No reason why it couldn't 
sustain an Earth-like climate’ 


Guillem Anglada-Escudé, University of Gottingen 
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The SST aims to protect the 
Earth from space junk 


War on 
Space junk 
heads 
south 


The battle against space junk is 
going Down Under with a new 
US-led Space Surveillance Telescope 
(SST), which will be used as a 
defensive shield against space 
debris that could threaten military 
satellites in their Earthly orbits. 

“Objects in space that are not 
tracked pose a risk to spacecraft,” 
says Travis Blake, program manager 
for the USA's Defense Advanced 
Research Projects Agency (DARPA). 
“The majority of the orbiting objects 
that are not tracked are too small for 
current systems to detect.” 


“Even small 
pieces of 
debris can 
do damage" 


Travis Blake, DARPA 


The partnership between 
Australia and DARPA, who built 
the telescope, allows for a widening 
of our space situational awareness 
as well as sharing of advances in 
technology in space surveillance. 

The telescope has tracked many 
small objects since its completion in 
2011. Now it moves to the southern 
hemisphere to enlarge the area of 
sky across which space junk can be 
tracked. “SST can detect and track 
small objects in geosynchronous 
orbits,” Blake says. “This includes 
active satellites and debris.” And, 
as data from the SST is fed into the 
US Air Force's Space Surveillance 
Network, NASA will also be able to 
analyse the SST’s data. @ 
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Anear-infrared, false- 


colour image of the Kappa 
. Andromedae system 


Super-large gas giant 
forces rethink 


Astronomists to reconsider how 
massive planets are formed 


A direct image of a super-large 

gas giant is forcing astronomers to 
reconsider how such planets are built. 
Captured by the Subaru Telescope 

in Hawaii, the portrait of a gaseous 
exoplanet 13 times more massive than 


Jupiter shows it orbiting the 30 million- 


year-old star Kappa Andromedae. The 
details of the planet suggest that it 
formed exactly the same way as Earth 
did, through a process known as core 
accretion - starting with a rocky core 
before gathering a huge atmosphere of 
gas from the material orbiting its star. 
Many astronomers believe that giant 
planets form the other way around, 
collapsing directly out of a disc of gas. 

“Of course one cannot ‘see’ the 
way an object was formed by simply 
detecting it,” says Markus Feldt, of the 
Max Planck Institute for Astronomy 
(MPIA), about the gas giant which 
has been named Kappa Andromedae 
b. “The contrast ratio [between the 
brightness of the planet and that 
of the star] and the location where 
Kappa Andromedae b are found are 
compatible with the predictions of 
core-accretion formation models.” 

The exoplanet has thrown a curve 
ball for scientists and is important for 
our understanding of the formation of 
planets. The researchers, led by Joseph 
Carson also from the MPIA, suggest 
that the exoplanet could either be a 
planet or a brown dwarf star. However, 


scientists are convinced that what they 
see is indeed a planet. 

Feldt adds that direct imaging can 
yield very accurate information and 
will be important in the future. “Both 
the Very Large Telescope’s SPHERE 
(Spectro-Polarimetric High-contrast 
Exoplanet REsearch instrument) and 
Gemini Observatory’s GPI (Gemini 
Planet Imager) projects are nearing 
completion,” he says. “Both have large 
surveys for direct detections attached 
to them. In SPHERE, we will invest 
about 220 nights surveying a couple of 
hundred stars. Current models predict 
that this will yield a few tens of direct 
detections of ‘true’ exoplanets and 
correspondingly more brown dwarfs." 

“Seeing is believing [with direct 
imaging],” says Feldt. “Seeing a faint 
dot rules out the possibility that 
you are dealing with some tricks 
the star might be playing on you.” 
And that's not all: “Time-series 
imaging, photometry, spectrometry 
and polarimetry of the detected 
object are at hand and will yield 
information on the orbit, the spectral 
energy distribution (linked to age 
and mass), the low or mid-resolution 
spectrum (carrying information on 
the atmosphere) and the polarisation 
caused by the planet should it be 
detected in reflected light (also 
yielding info on atmospheric 
composition and dust content).” @ 
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Kepler begins 
extended 
mission 
After completing its prime 
mission, the most successful 
planet-hunting telescope ever, the 
Kepler Space Telescope, has begun 
its extended mission that will see 
it continue to find planets outside 
our Solar System until 2016. 


Born-again star 
— s fate of 
olar System 


A dying Sun-like star in a nebula 
5,500 light years from Earth has 
shown signs that it briefly came 
back to life after losing its gaseous 
Shells into space. This is likely 
similar to how our Sun will end in 
a few billion years. 


Europe and 
Russia plan 
Mars mission 


The much-delayed European 
ExoMars mission, which would 
place an orbiter around Mars in 
2016 and a rover on the surface 
in 2018, looks like it might finally 
go ahead, thanks to a deal struck 
between the ESA and Russia after 
NASA pulled out. 


Telescope 
House 
launches new 
portable scope 
The new Meade ETX80 tabletop 
telescope is a fully motorised, 
ultra-portable computerised GoTo 


80mm Refractor. Visit www. 
telescopehouse.com for details. 
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MACS0647-JD as it would have 
looked 13.3 billfon years ago 


Hubble scientist Dan Coe 
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Young galaxy found at 
record-breaking distance 


Finding gives us insight into our early Solar System 


A record-breaking galaxy, that is the 
most distant that anyone has ever 
seen, has been shown to be a building 
block that will one day grow into a 
galaxy just like our own. Dubbed 
MACS0647-JD, it provides us with a 
step back in time to when the universe 
was just three per cent of its current 
13.7 billion year age - a mere 420 
million years after the Big Bang. 

“We see MACSO647-JD as it was 13.3 
billion years ago,” Hubble scientist Dan 
Coe says. “Since then it has probably 
merged with other galaxies, growing 


in size and perhaps evolving to be 
something much like our Milky Way. 

“It is possible that around at 
least one of the billions of stars in 
MACS0647-JD, life evolved,” Coe 
muses. “And perhaps they are looking 
back at us, seeing an image of our 
Milky Way as it was 13.3 billion years 
ago. We still don't yet know if there is 
other life out there or if we are alone 
in the universe. 

“This discovery pushes back the 
frontier as we search for the first 
galaxies,” says Coe, who believes that 


there are many other galaxies even 
more distant waiting to be found. 
“Hubble could possibly push this 
frontier back another 100 million 
years to 320 million years after the 
Big Bang. The light from any galaxy 
more distant would be redshift beyond 
Hubble's wavelength range of vision." 

With its large mirrors collecting 
more light and observing at longer 
wavelengths, the James Webb Space 
Telescope (JWST), due to launch in 
2018, is set to make MACSO647-JD one 
of its prime targets. @ 
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50 years since first flyby 
On 14 December 1962, NASA's Mariner 2 probe 
flew past Venus, the first spacecraft to successfully 


perform a planetary flyby. 


New ISS crew 


Three Expedition 34/35 crew members 
will be taken to the International Space 
Station in a Soyuz spacecraft. 
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SETI steps 
up search for 


alien life 


New funding 
for project 


The Search for Extraterrestrial 
Intelligence (SETI) has been given 
a new lease of life as funding to 
the sum of $3.5 million USD (£2.2 
million) has been donated in an 
attempt to double the sensitivity of 
the Allen Telescope Array (ATA) - a 
range of 42 small dishes located at 
the Hat Creek Radio Observatory, 
California - in its quest to sweep the 
universe searching for signals from 
other living beings. The generous 
amount was given by Franklin 
Antonio, the co-founder and 

chief scientist of American global 
company, Qualcomm. 

“The Allen Telescope Array is 
absolutely crucial for SETI,” Duncan 
Forgan a researcher from the 
University of Edinburgh tells All 
About Space. “SETI now searches 
for signals at other wavelengths 
as well as radio, but the ATA will 
establish if there are any Earth-like 
radio transmitters active in our 
Galactic neighbourhood.” 

He believes that if we use this 
information, along with the data we 
receive in other wavebands, we can 
start to test theoretical estimates for 
how many civilisations we expect 
our galaxy to have. 

The ATA, which was originally 
partially funded by UC Berkeley 
and passed over to SRI (Stanford 
Research Institute) International 
earlier this year was initially 
planned to operate with the full 
force of 350 radio dishes, however, 
a lack of funding put the brakes on 
the project in 2007. @ 
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NASA's Curiosity rover has found 
evidence that Mars has some 
protection from radiation, with levels 
only reaching those similar to what 
would be experienced by the crew 
onboard the International Space 
Station (ISS). This means that it would 
be safe for astronauts to land and 
live on the surface of the Red Planet, 
however, the radiation that they would 
be exposed to on the journey to Mars 
could still be lethal. 

“We see a definite pattern related 
to the daily thermal tides of the 
atmosphere,” says the principal 
investigator of Curiosity's Radiation 
Assessment Detector (RAD), Don 
Hassler of the Southwest Research 
Institute in Boulder, Colorado. “The 
atmosphere provides a level of 
shielding, and so charged-particle 
radiation is less when the atmosphere 
is thicker.” Radiation levels were found 
to rise and fall by up to five per cent 
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Mars manned 
missions on hold 


Radiation levels on journey could be fatal 


during the course of each Martian day 
in unison with the thickening and 
thinning of the Red Planet's carbon 
dioxide atmosphere. 

With the first radiation 
measurements ever taken on the 
Martian surface proving promising, 
Hassler believes that astronauts could 
live, as astronauts on the ISS do, ina 
Similar environment. However, RAD's 
studies are not over as the $2.5 billion 
USD (£1.6 billion) rover has only 
completed three months of its planned 
two-year primary mission. 

However, before space exploration 
enthusiasts can get too carried away 
with the idea of making footprints in 
the Martian soil, the year-long trip to 
Mars would still be out of the question 
for a manned mission because of 
the deadly dose of radiation, which 
roughly doubles in intensity when 
leaving Mars's atmospheric shield. 
“The real issue for human exploration 





QUARTER 
MOON 


is determining how much of a 
radiation dose any future astronauts 
would accumulate throughout an 
entire Mars mission - during the 
cruise to the Red Planet, the time on 
the surface and the journey home,” 
explains Hassler. “Over time, we are 
going to get those numbers." 

And where better to start getting 
answers to this problem, among 
others, than getting to know Mars's 
atmosphere, which not only influences 
radiation levels but often rages with 
storms blasting huge clouds of charged 
particles into space? 

“If we find out more about the 
weather and climate on present- 
day Mars, then that really helps us 
to improve our understanding of 
Mars's atmospheric processes,” says 
Claire Newman of Ashima Research, 
California, a collaborator for Curiosity’s 
Rover Environmental Monitoring 
Station (REMS) instrument. @ 





pa 
NEW | 
MOON 




















A . 
To see videos: 
spaceanswers.com/video 


The story of 
the Earth in 90 
seconds 


Watch a tapestry of footage that 
traces the cosmic and biological 
origins of our species. 
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ISS time-lapse 
montage 
This incredible montage of footage 
from the International Space 
Station is simply astounding in its 
portrayal of the Earth from orbit. 





Stunning HD 
lunar Earthrise 


Watch the Earth rise above the 
Moon's surface in the first HD 


Hunt for NEOs 


An Indian rocket will launch the 
Canadian NEOSSat space telescope 
to search for near-Earth asteroids. 


Quadrantids meteors 


The first meteor shower of the year, up 
to 40 meteors per hour are visible at the 
peak of the Quadrantids. 


Space plane launches 


An Atlas V rocket will take the secretive 
US military's X-37B prototype space plane 
into orbit at some point in December. 


Earthrise video ever shot, taken 
by Japan's SELENE spacecraft. 


*All dates are subject to change 
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- As the fortieth anniversary of the 
last manned Moon mission passes, 
All About Space investigates the 
progress being made towards ~ 
establishing a permanent lunar 
base on the surface of our satellite 
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Moon colonies 


“America's challenge of today has 
forged man’s destiny of tomorrow,” 
said Apollo 17 astronaut Gene Cernan 
as he stepped back into the Lunar 
Module with fellow astronaut Jack 
Schmitt on 14 December 1972. The 
Apollo missions were expected to 
kickstart an age of human space 
exploration including lunar colonies, 
manned Mars missions and possibly 
ventures beyond. But four decades 
later, and the pipe dreams of 20th 
Century visionaries seem further away 
than that fateful first step in 1969. 

It's no exaggeration to say that, in 
the year 2012, many had predicted 
Space to be teeming with human life. 
The fact that it’s not, save for a handful 
of astronauts aboard an orbiting space 
Station, is a disappointment to many 
a space enthusiast. But is it really 
all doom and gloom? Are we truly 
destined to remain constrained to our 
Blue Planet, left to observe the Moon 
from afar rather than setting foot, and 
living, where only a dozen men have 
done so before? 

“If something can be done, it 
ultimately will be done,” says Dr Paul 
Spudis, talking to All About Space 
about the possibility of a future Moon 
settlement. “If at some point it makes 
sense for the Moon to be permanently 
inhabited, then it will happen.” 

Dr Spudis is somewhat of an expert 
when it comes to lunar exploration. 
He is currently a senior staff scientist 
at the Lunar and Planetary Institute 
in Houston, Texas, and has worked 
on both the Indian Chandrayaan 
Moon programme and NASA's Lunar 
Reconnaissance Orbiter. He also 
served on a White House panel to 
analyse a return to the Moon and the 
establishment of a lunar base. 

From the outside looking in a 
possible Moon colony might seem 
improbable, if not impossible, but it’s 
an idea that has been suggested by 
scientists since the dawn of the space 
age, including Dr Spudis himself. 

“I advocate a return to the Moon 
to use it for the creation of a new 
space-faring capability,” says Dr Spudis. 
“That essentially means that we hope 
to extract the material and energy 
resources of the Moon to build a 
permanent, space-faring capability. In 
practical terms that means, initially, 
the extraction of water from the 
deposits near the lunar poles and its 
use for a variety of purposes, mostly 
rocket propellant but also human life 





support and power storage. Eventually, 
we can build structures from lunar 
materials, but water is the easiest and 
most useful substance to get at first.” 


17 


Moon colonies 


The reference of water on the Moon 
is an important one, and is one of the 
primary reasons that lunar exploration 
has become such an intriguing talking 
point once again. The discovery 
of water on the lunar surface was 
formally announced by NASA on 
24 September 2009. Found by the 
Chandrayaan-1 orbiter and impact 
probe, it was a huge announcement 
with far-reaching ramifications. 

As Dr Spudis mentions, water 
is a vital ingredient for any form 
of manned space exploration. It's 
essential for life, and its constituents 
(hydrogen and oxygen) also happen 
to be the primary components of 
rocket fuel. Previous visions of a lunar 
base envisioned a colony constantly 
resupplied by missions from Earth, 

a costly and timely endeavour that a 
multinational mission would struggle 
to accomplish, let alone one nation 
going it alone. The discovery of water 
on the Moon, hiding as ice in the 
shadowed and cold reaches of the 
deepest lunar craters, raised the very 
real possibility of a lunar colony being 
self-sustaining, rather than reliant on 
resupplies from Earth. 

“Water on the Moon is the most 
important discovery for spaceflight 
since the rocket equation,” explains 
Dr Spudis. “It means that we can 
learn how to ‘live off the land’ on the 
Moon, an essential skill for any space- 
faring species.” 

It's not quite as easy as landing on 
the Moon and scooping up bucketfuls 
of water, however. While water ice 
exists, its quantities are up for debate. 
The lowest estimates place it at 
making up just O.0OOOO! per cent of 
a portion of lunar soil, sparser than 
the driest deserts on Earth. Upper 
estimates suggest a quantity of 8.5 per 
cent, a much more useful amount if 
correct. In March 2010, Chandrayaan-l 
again made an important discovery, 
this time finding 40 permanently 
darkened craters near the Moon's poles 
with a potential 600 million metric 
tons (1.3 trillion pounds) of water ice if 
the upper estimate holds true. 


“Technically, weTe 
not farawayfrom ( _ 
returning man to the B™ © 
Moon and creating a Wes 


Moon base” 


Dr Paul Spudis, senior staff scientist, 
Lunar and Planetary Institute 
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Dr Spudis highlights the need 
to quantify how much water ice is 
available to ensure the success of a 
lunar colony: “Although we know that 
Water exists on the Moon, we have 
many questions about its physical state 
and how it varies in concentration. We 
need to prospect and map ice deposits, 
extract some water to determine how 
difficult it may be, and use it in space 
to completely demonstrate the use 
of lunar water from an end-to-end 
systems engineering basis.” 

Whatever the true quantity of 
water on the Moon, the possibility 
of colonising the Moon is not only 
exciting but also incredibly useful. 
From a purely financial perspective, 
the prospects might seem bleak. 
Estimates suggest a lunar colony 
would cost upwards of tens of billions 
of dollars, an amount of money simply 
not available to any space agency in 
the world. But the potential returns are 
huge, in the form of job creation, new 
inventions and better technologies. 
For every dollar invested in the Apollo 
mission, it is said that around 20 
dollars were returned to the American 
economy. The prospect of a permanent 
residence on the Moon would only 
increase the potential return. And 
this is before we even consider the 
existence of helium-3 on the lunar 
surface, an isotope blasted across the 
Moon by solar wind that could be 
the key ingredient to creating fusion 
reactors, and therefore huge sources of 
power, on Earth. 

Humanity is not just a species 
driven by money, though, despite 
what some would have you believe. 
We are inquisitive, curious, and we 
constantly strive to further understand 
the natural world around us and 
the universe as a whole. Confining 
ourselves to our world and failing to 
invest in manned space exploration 
would be akin to giving up on our 
natural habits, to learn, and would 
relegate us back to an age where 
humans merely looked upon the 
stars with fondness, rather than the 
thought that they could be explored. 






exploration 


© 3 Feb 1966 
Luna 9 


This Soviet ‘craft was the first 
probe to land on the Moon 





® 30 May 1966 
Surveyor 1 
The first successful unmanned 
American Moon landing 
returned 11,000 pictures. 












O July 1969 
Apollo 11 
Neil Armstrong and Buzz 


Aldrin were the first humans 
to set foot on the Moon. 





Apollo 17 

While the last humans on the 
surface were Americans Gene 
Cernan and Jack Schmitt. 





® 22 Aug 1976 
Luna 24 
This was the last spacecraft to 
date to land on the Moon and 
return lunar samples to Earth. 





® 8 Nov 2008 
Chandrayaan-1 
This Indian probe found water 
on the Moon, and released an 
impactor to the surface. 
















A small step 
- developing 
lunar bases 


While NASA has long had a vision to 
create a manned station on the Moon, 
other agencies have also announced 
plans to return humans to the Moon 
for a prolonged period of time. 


China 


The biggest 
emerging nation in 
Space exploration, 


China has made no secret of its 
desire to land humans on the Moon. 
It launched its first two unmanned 
probes in 2007 and 2010, with the 
third set to follow in 2013. 

It has also carried out extensive 
manned operations in Earth orbit, 
with a manned space station to follow 
in the coming years. All of this is 
building towards a manned lunar 
landing and, possibly, a permanent 
residence on the Moon. 


Roscosmos, the 
Russian space agency, 
has a number of 


unmanned landers planned to touch 
down on the lunar surface by the 
end of the decade, but work is also 
underway on a manned mission that 
will take Russians to the Moon for 
the first time. Four automated probes 
will land on the Moon by 2020, 
followed by a larger station in 2023. 
This station could be the first part of 
a manned lunar base in a polar region 
to follow at an unspecified date. 


irk 


The Indian 
(ao) NPE lec acceicelal 
Organisation (ISRO) 
has announced rather lofty goals 
for space exploration, including a 
manned landing by 2020. While this 
looks unlikely for now, its intentions 
to return man to the Moon at some 
point are clear. 


Bye li 


The Japanese 
Aerospace Exploration 
Agency (JAXA) has 


suggested that it wants to build a 
robotic base on the Moon by 2020. 
This would be a precursor to a 
manned lunar base in 2030. 
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USA 


Since the Apollo 
missions ended, NASA 
aeTom lary smi able han elem dal= 


irer-ts LOU NLMYar= bale BLURB ND STocioMO)MKciMel MOND BTS 
humans to the Moon. The discovery 
of water ice has provided the added 
incentive that could result in the 
construction of a lunar base. 

In September 2012, NASA deputy 
chief Lori Garver announced the 
agency's ambitions: “We're going 
back to the Moon, attempting a first- 
ever mission to send humans to an 
asteroid and actively developing a 
plan to take Americans to Mars.” 

NASA has carried out a lot of 
research into lunar habitation. 

From rovers to landers, it has tested 
important technologies that we'll 
need to return to our natural satellite. 





1. Altair lunar lander 
Now scrapped, Altair was once part of 
NASA's cancelled Project Constellation. 


2. Lunar Electric Rover 
This vehicle could house two 
astronauts at a time, and enable them 
to perform space walks on the Moon. 


3. Project Morpheus 

This automated NASA cargo vehicle, 
oleae labled a( =m C= tom 8) ar Ly= Mae) E] (6! 
be used to transport up to 500kg 
(1,100lb) of cargo to the lunar surface. 


4. Orion 

The Orion Multi-Purpose Crew Vehicle 
could take man beyond low-Earth orbit 
to the Moon. It is also intended to be 
used to visit an asteroid and Mars. 

5. Inflatable habitats 

To save space on launch, NASA has 
been researching the possibility of 
taking inflatable habitats to the Moon. 


Moon colonies 












PMC elim mati g= 
plans for a Moon colony 


By the end of the 21st Century a colony on the Moon is a realistic 
possibility. The technology for each component, from inflatable habitats to 
transport to and from the Moon, is already in development. Once we work 
out how to harness some of the Moon's most useful resources, settling on 
the lunar surface will become an attractive goal. 


BO 
In order to explore vast swathes of the 
Moon, including water-rich craters, manned 
and unmanned rovers will be a necessity. 
Manned rovers could be mini habitats, 
allowing astronauts to survive on excursions 
away from the base for several weeks. 


® Inflatable stations 
Habitats on the Moon will likely be 
inflatable, so that they can be transported 
there easily and then expanded to house 
a number of colonists. 
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® Resources 
Both water and helium-3 are 
the most useful resources 
on the Moon. Apart from 
drinking, the former could 
be used by the colonists to 
create fuel on the Moon, 
while the latter could be 
launched back to Earth 
to power futuristic fusion 
reactors on our planet. 





Moon colonies 







Communications Bal Solar af a 

A colony based on the Like on Earth, artificial © | Many people i eel 
near side of the Moon will lighting could be incorrectly believe 

have no problems talking used on the Moon to there's a ‘dark side of 
to Earth as they will always enable operations to the Moon’, but that's 
be in view, but a base on continue at night. Asa not the case. The 

the far side (which would day on the Moon lasts Told em (Clare a clea Ce 
be useful for astronomy almost 30 Earth days, at some point, bathed 
purposes, as there would this will be vital. in sunlight (apart from 


Transport 
Vehicles similar to the Apollo 
Lunar Module could transport | 
Pe RRR be no radio interference darkened craters), so e 2 = 
Pte ot eee from Earth) would need an So Emre ean Tl| a the Privatising 
(or mass drivers) could launch orbiting spacecraft in order main source of power 
cargo ships loaded with useful to phone home. for any lunar colony. the Moon 
resources back to Earth. 
The best way to colonise the Moon 
might be to realise the commercial 
is a -_——— | — benefits of it, space settlement expert 
eS = —— Se. — ——— Al Globus told All About Space. 

eemrern eaten pie Pn a Globus has previously worked on 
the ISS from Earth and, alongside 
being chairman of the National Space 
Society's Space Settlement Advocacy 
Committee, he is a big proponent 
of space settlement and has written 
many papers on the subject. 

By the end of the 2010s, Globus 
said, governments around the world 
will have a number of landers and 
orbiters on and around the Moon. 

The big change in manned space 
exploration, however, will be the huge 
growth of the private sector. Sub- 
orbital tourism (with the likes of Virgin 
Galactic) will take-off, with over 1,000 
people a year reaching space by 2020. 

The next two decades will see lunar 
mining companies begin to spring up 
on the Moon, he continued, although 
they could struggle financially at 
first. The key for their success will 
be the growth of the space tourism 
industry; even though the ISS will be 
decommissioned in the early 2020s, 
space hotels will be launched into 
Earth orbit and expand the private 
Space sector. Over the next 50 years 
the number of space tourists could 
grow to millions, not just thousands. 

This, Globus said, is where 
privatising the Moon will be key. 
Mining resources from the lunar 
surface, such as water, could provide 
essential supplies for these hotels. It'll 
take a while for lunar mines to become 
profitable, but by the 2070s they could 
be supplying most of the materials 
necessary for space hotels. 

Furthermore, if NASA or another 
agency constructs a lunar mass driver 
on the Moon, which would allow for 
cargo to be sent back to Earth, then 
Globus said the lunar mining business 
will become extremely profitable, 
allowing it to potentially dominate the 
metal markets on Earth. In the 2050s 
these mines would need a crew of 
just 20 people, but by the 2080s there 
could be thousands of people living on 
the Moon and operating them. 
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The colonisation of the Moon is a vital 
stepping stone in our grander scheme 
of exploration. 

That's not to mention the constant 
threat our planet is under from 
extinction. It's easy to forget that 
just 65 million years ago, a mere 1.4 
per cent of our planet's 4.5 billion 
year existence, an asteroid wiped 
out almost every living thing on the 
surface. We know that there's no 
impending impact event, but one is 
likely to occur at some point. With no 
other-world colonies to inhabit, we are 
doomed to extinction. 

“The Moon serves as our first ‘off- 
shore coaling station’ on the ocean 
of space,” agrees Dr Spudis. “We can 
use its material to fuel a permanent 
transportation system, one that 
allows us to not only access the Moon 
and explore it in detail, but more 
importantly, to routinely access all of 
cislunar space [the zone between the 
Earth and the Moon], where all of our 
Satellite assets reside. The Moon is also 
a Major scientific resource because 
it records in detail a period of Solar 
System history that has been erased 
from the Earth.” 

So, if we were to decide to build 
a lunar colony, could it be done? 


Manned and unmanned vehicles could 
scour the Moon's surface 
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The Apollo missions 
returned a lot of 
useful lunar rock 





“From a policy perspective, we are light years 
away, mainly because few people recognise 


the value of the Moon” prpaut spudis 


“Technically, we're not far away from 
returning man to the Moon and 
creating a Moon base at all,” says Dr 
Spudis. “We have all the individual 
pieces and technology we would need 
to live and work on the Moon right 
now." Technology, however, is not the 
problem, explains Dr Spudis: “From a 
policy perspective, we are light years 
away, Mainly because few people 
recognise the value of the Moon as I 
have described it here. Iam trying to 
change those misperceptions.” 

Many agencies have carried out 
studies into the feasibility of a lunar 
colony, reaching as far back as 1959 
when the US Army first established a 
plan to build a fort on the Moon with 
two astronauts. Known as Project 
Horizon, it would have required about 
150 separate rocket launches, making 
it unattractive from a cost perspective. 

Various proposals have followed, 
and in the 21st Century numerous 
countries have at least announced 
their intentions to build a base on 


Astronauts would live in 
stationary lunar habitats 


the Moon (see ‘A small step’ boxout 
on page 18), including Japan, Russia 
and the USA. It is NASA, however, 
that has carried out the most research 
in the area. For example, it has been 
testing its Lunar Electric Rover for 
several years now and, while it might 
be repurposed for use on an asteroid 
rather than the Moon, it could provide 
weeks of habitation for astronauts on 
the Moon if deployed. 

All forms of research, though, have 
focused on visits longer than the 
Apollo missions (So over three days) 
but not quite at a level of permanent 
habitation. As Dr Spudis explains, we 
still have problems to overcome if we 
are to colonise the Moon. “Although 
we understand how to extract and 
use lunar resources in theory, we 
have not done so in practice,” he 
says. “The biggest need right now is 
experience: in accessing and surveying 
the ice deposits, in digging up the 
ice and processing it into water, in 
converting that water into its gaseous 


components, in cryogenically freezing 
the gases into liquids and, finally, 
using the product in a variety of 
applications. We understand how to do 
all these things in theory, we simply 
need to learn to do them to learn 
where the problems are.” 

Overcoming these problems and 
testing key technologies are imperative 
goals if we are to achieve the ultimate 
dream of building a settlement or 
colony on the Moon. There's little 
doubt, however, that positive progress 
is being made in many of the 
necessary areas by several nations 
around the world. Lunar colonies are 
not just the fancy of space visionaries 
any more; they will play a useful 
and important role in our continued 
exploration of the Solar System, and 
provide us with an off-world habitat 
the likes of which have never been 
seen before. “I believe that the Moon 
is a critical enabling step into the 
Solar System,” says Dr Spudis. “It is a 
stepping stone to space capability.” @ 





Many different components are 
needed for a lunar colony 











nCeye\a 
map to 
the Moon 


NASA Johnson Space 
Center engineer John 
Connolly speculates 
on how he thinks 
lunar colonisation 
might develop. 





® 2030-2039 
The 2030s will see a continued 
buildup of an international science 
base near one of the lunar poles. 
30-day missions with crews of four 
will mature to 180-day missions in 
which teams of pressurised rovers 
carry crews to more remote sites. 
Lunar resources will be in full use to 
provide the crews’ oxygen, water, and 
the propellant for their return to Earth. 
OU TeMLlar leila rem Maes iala NG 
be used to test hardware that will be 
used for an upcoming human mission 
to Mars. In lunar orbit, or perhaps at 
an Earth-Moon libration point, the 
deep-space habitats and propulsion 
systems for the Mars mission will also 
py=mRs1kale A Maem Ler) OLe em 
likely arrive in this decade. 





® 2070-2079 
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es 
Moon colonies. 
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PLOT sl ODA0leso 
Colonisation begins to increase, 
with distinct communities 
occupying different parts of the 
Moon. Like the Antarctic of 100 
(= Mr alee aKa one eL elaine (= 
have established permanent 
outposts for scientific purposes, but 
other areas are being developed for 
commercial resource purposes and 
for residential communities. 





The Moon becomes the 
stepping off point for human 
voyages to Mars and beyond. 
Due to its rich resources, and 
low gravity, the Moon becomes 
the choice for launching 
missions into deep space. 



































® 2050-2059 | oan - 
Lunar colonies begin to spring up at | ss. 
multiple locations around the lunar ~~... 


globe. ‘Vacations’ to the Moon, 
though still costly, become the 

top destination, with lunar ‘hotels’ 
beginning to emerge. The first child 
is born on another world. 


® 2040-2049 
Scientific exploration of the Moon begins to 
combine with commercial visits. Interest in 
lunar metals and resources fuels commercial 
missions to produce not only fuels and 
consumables to support lunar operations, 
but to extract high-value materials for export 
to Earth. Helium-3 mining, which occurs as 
a by-product of other resource extraction 
processes, reignites the interest in nuclear 
fusion as a clean power source for Earth. 





® 2020-2029 
In the 2020s humans will return to the 
Moon. Lunar surface missions will become 
international partnerships, following on 
from the experience of the ISS, and multiple 
countries will raise their flags on the Moon. 
EMT eS ecTiMU meio) 0 ema (ote) a (eye) 
at human-scales, producing water and 
propellants from lunar feedstock. 








® 2010-2019 
Leading up to the year 2020, the first private lunar 
lander will land on the Moon, likely to claim the Google 
Lunar X Prize. This may open up an entire new way 
of performing lunar science missions - with science 
agencies purchasing ‘rides’ for their instruments rather 
than funding the engineering of the spacecraft and - 
purchase of launch vehicles. Lunar sample: return 
missions will date the deepest known impact basin 
(South Pole-Aitken basin) and return samples of 
polar volatiles. Other robotic missions will probe the 
permanently shadowed craters of the lunar poles and 
test in-situ resource utilisation technologies. 
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Our own planet has taken a beating from-spacerocks ““ 
in its past, but it's nothing compared to the massive»... 
asteroids that have pummelied our nearest neighbours. 


Wi Oe CVC 

® 
The Moon: South Pole-Altken basin 
On the far side of the Moon is places. For comparison, some of the within the Moon's mantle at the 
an impact crater with a diameter largest impact craters on Earth are bottom of the basin, but this doesn't 
equivalent to the distance between only several hundred metres deep. seem to be the case. Instead, it's 
London and Athens. The massive The Aitken basin is thought to have thought that a low-velocity projectile 
Aitken basin measures around formed about 4.3 billion years ago. hundreds of metres across impacted 
2,500km (1,600 miles) across and Its origin, however, remains a the Moon at an angle below 30 
is the largest, deepest and oldest mystery. If it formed through a high- degrees, enough to create the giant 
basin on the Moon. In fact, it’s as velocity impact then scientists would crater but not fast or steep enough to 
deep as 6km (3.7 miles) in some expect to find material from deep dig deep into the lunar surface. 
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Jupiter’s moon Callisto plays host to the largest multi-ring impact 
crater we know of. Valhalla is made up of a bright central zone 
around 600km (370 miles) across. The initial impact, however, 
appears to have fractured the surface of the moon and created 
concentric rings that spread out from the centre of the crater up 
to 2,000km (1,250 miles) across the surface, big enough to fit the 
entire United States of America inside. 
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_ Japetus: 
. Turgis 
Iapetus is one of Saturn’s 
most bizarre moons, 
boasting a strange two- 
toned colouration and a 
giant equatorial ridge. It 
also plays host to a crater 
580km (360 miles) wide 
called Turgis. While it’s 
not the biggest crater 
in the Solar System, 
in comparison to the 
_ diameter of Iapetus 
(1,500km or 930 miles) 
it’s massive, making it 
one of the largest craters 
in proportion to the size 
of the celestial object it 
resides on. 
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Tethys: Odysseus 


Named after the Greek hero of the same name, Odysseus 
is the largest crater on Saturn's moon Tethys. It was 
discovered in September 1981 by NASA's Voyager 2 
spacecraft and measures 445km (275 miles) in diameter, 
about two fifths of the moon’s diameter. It’s about 3km 
(1.9 miles) deep in places with its rim rising up to 
9km (5.6 miles) above the crater floor. A variety 
of cracks in the crust of Tethys from the initial 
impact spread for hundreds of kilometres 
from the crater. Odysseus is not as deep as 
scientists would expect from such an 
impact, however, suggesting that the 
crater’s interior was once warmer 
and malleable, and possibly even 
liquid, allowing for it to flatten 
out over time. 





ey 


445km 


Ca ve late a 
Rembrandt 
Telly 


This giant impact basin on 
Mercury, named after the famous 
Dutch painter, was discovered by 
NASA's MESSENGER spacecraft 
on its second flyby of our Solar 
System's innermost planet in 
October 2008. It is thought to 
have been created by a huge 
impact event 3.9 billion years 
ago during the Late Heavy 
Bombardment period. Its size and 
the presence of smaller craters 
both inside it and around its rim 
suggest that Rembrandt is one 

of Mercury's youngest craters. 
Smooth plains inside Rembrandt 
suggest that Mercury had an 
active and volcanic past. 
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Mars: Hellas Planitia 


The largest visible impact crater in 
the Solar System is Hellas Planitia 

on Mars, a giant depression with a 
floor over 7km (4.3 miles) below the 
Martian surface and a diameter of 
around 2,300km (1,400 miles). Such is 
its breadth and depth that you could 
fit every Western European country 
inside it. The crater is thought to have 
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formed about 3.8 to 4.1 billion years 
ago when Mars was hit by a number 
of objects during the Late Heavy 
Bombardment period in the Solar 
System. 

Within the crater there are a 
aLUbn1DY=iemO me erberlOleom crcl aDNCcwmaN rls 
might make it an interesting place to 
visit on a future exploration mission. 


Impact craters 


It contains gullies that would allow 

for the presence of liquid water if the Z 
temperature on the planet rose high 2,300km 

enough, owing to their distance below 

the surface. Radar images from the 

Mars Reconnaissance Orbiter also 

suggest that glaciers reside beneath 

layers of rock and dirt in three further 

craters located inside Hellas Planitia. 
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Red dwartfs 


Red dwarts 


Written by Jonathan O'Callaghan 


They're the most common stars in the cosmos, but a 
super-long life expectancy and strange composition make 
red dwarfs among the most important objects in existence 


Stars in the universe come in all sorts 
of sizes, from comparatively small 
neutron stars to massive supergiants. 
By far the most abundant type of star, 
however, is the red dwarf. Smaller 
than our Sun but with a much longer 
lifetime, these balls of burning gas 
are extremely important in our 
understanding of the cosmos. 

Red dwarf stars typically have a 
mass of between 7.5 per cent and 40 
per cent of the Sun. Less massive stars 
are known as brown dwarfs, owing to 
their comparatively low luminosity, 
while more massive stars (including 
our own star) are yellow dwarfs. Their 


“A red dwarf with a tenth of the 


reduced mass means that red dwarfs 
have a cooler surface temperature 
than the Sun, typically around 
3,200 Kelvin (2,900 degrees Celsius) 
compared to over 5,700 Kelvin (5,400 
degrees Celsius) for the Sun. 

Energy is generated in a red 
dwarf in the same way that it is 
in the Sun, namely through the 
fusion of hydrogen into helium. 
Because of their lower mass and 
core temperature, though, the'rate of 
nuclear fusion is much less, and so 
they emit a smaller amount of light. 
Even the largest red dwarfs emit 
only ten per cent of the Sun's light, 


while the smallest have just one ten 
thousandth of the Sun's luminosity. 
In all stars energy from the core is 
radiated out from the surface through 
a process known as convection, losing 


a large amount of mass in the process. 


Red dwarfs, on the other hand, are 
fully convective. This means helium 
does not accumulat@at the core, 

and the stars can continue to bum 
hydrogen for a much longer time than 
other stars. So long is the process, in 
fact, that the life span of a red dwarf 
can be far longer than the expected 
age of the universe, thought to be 
about 14 billion years. More massive 


Sun’s mass will continue burning 
fuel for 10 trillion years” 
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stars burn through their fuel much 
faster and therefore have shorter life 
Spans, sometimes just a few million 
years, so the lower the mass of a 
red dwarf the longer it will live. A 
red dwarf with a tenth of the Sun's 
mass will continue burning fuel for 
10 trillion years. Therefore, there are 
no red dwarfs that we know of in the 
universe that are nearing the end 
of their lives, so we will likely never 
observe what happens when a red 
dwarf comes to the end of its life. 
While we know a lot about red 
dwarfs, there is one major mystery 
that we are yet to solve. First 
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The red dwarf Gliese 623 may host 
habitable planets in its orbit 


generation stars that formed at the 
start of the universe are thought 

to contain no heavy metals such 

as iron, instead being made almost 
entirely of hydrogen and helium 
with small amounts of lithium also 
present. However, no red dwarfs have 
yet been found that conform to this 
expected composition, despite their 
ages suggesting some may have been 
formed in the first generation of stars 
after the Big Bang. 

Considering that they have life 
spans far exceeding the age of the 
universe, we would expect some 
red dwarfs today to show these 
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characteristics, but that is not the 
case. Either we simply haven't come 
across such red dwarfs yet, or perhaps 
our understanding of the universe is 
not quite correct. 

Owing to their long life spans, red 
dwarfs are by far the most common 
type of star in the universe that we 
know, particularly in proximity to 
the Sun. Of the 30 closest stars to 
our Sun, 20 of them are red dwarfs, 
including our nearest neighbouring 
Star Proxima Centauri just over four 
light years away. They are difficult 
to observe, however, owing to their 
limited luminosity, and so none can 


How many red 


Red dwarfs 





dwarfs are there? 


Percentage of main sequence stars in the universe 


M (red dwarf) 76.45% 


PZ 


G,.(the Sun) 7.6% @ F 3% 
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eth 
nearest star 


The closest star to our Sun is Proxima 
Centauri, which just so happens to be 
a red dwarf. It is about 4.24 light years 
away in the Centaurus constellation 
and is thought to be in a three-star 
system with Alpha Centuari A and B. 
Proxima Centauri's radius and mass 
are about one seventh and one eighth 
that of the Sun respectively. 


Pde) 


an essential ingredient 
ch closer than stars 


planets are more likely to be tidally 
locked, with the same face constantly 
pointing towards their host star. This 
would mean that even if a planet was 
within the habitable zone, its lack 


_ of rotation could render it scorching 


hot on one side and freezing cold 
on the other, a place where life 
would struggle to get a foothold. A 





thick atmosphere or an ocean could, 
however, circulate heat around a 
planet and make it liveable. 

This isn’t the only obstacle for 
life to overcome t® survive on a red 
dwarf planet, though. Some of the 
red dwarfs we know of so far are 
much more volatile stars than we 
would expect. Our Sun has sunspots 
that appear as black dots on its 
surface, whereas red dwarfs have 
giant starspots that can reduce their 
brightness by as much as 40 per cent 
for months at a time. Conversely, 
some red dwarfs emit gigantic flares, 
known as flare stars, which can 
double their output in just a matter of 


td 
«minutes. For planets in orbit around 
such stars, it may be difficult to 
maintain stable environments. 

Red dwarfs, then, are fascinating 
stars that we are only just beginning 
to understand. Outlasting almost 
every other star we know of in the 
universe, they are a cavalcade of 
interesting science that will help us 
further our understanding of not just 
modern stellar types, but also help 
us to unearth some of the secrets of 
a atomer lah universe. And, in our hunt 
for planets outside the Solar System, 
they provide us with interesting 
locales unlike anything else we have 
seen thus far. @ 
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/ If you're looking for a dual-purpose telescope appropriate for 
both terrestrial and celestial viewing, then the AstroMaster Series is for you. 
Each AstroMaster model is capable of giving correct views of land and sky. 


The AstroMaster Series produce bright, clear images of the moon and planets. 
Even the moons of Jupiter and the rings of Saturn can be easily seen with 
every one of these fine instruments. For views of the brighter deep space 
objects like galaxies and nebulae, we recommend the larger aperture and light 
gathering ability of the Newtonian reflectors. 


* For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 


Juno 


The journey to Jupiter 


Written by Tom Harris 


Does this unique probe hold the key to demystifying 
the gas giant's composition and unlocking secrets of 
our Solar System's origins in the process? 


Stargazers have pondered Jupiter for 
millennia - as the third brightest object 
in the sky, it demands attention. When 
Galileo pointed his telescope that way 
4OO years ago, he was greeted by 
colourful clouds and orbiting moons, 
intensifying the fascination. But even 
after all these years scrutinising with 
increasingly powerful telescopes and 
spacecraft, we still haven't unlocked all 
its mysteries, because the outer cloud 
cover has hidden its interior workings 
from view. Now Juno is on its way, 
armed with an array of instruments to 
peek behind the curtain. 

The investigation could also 
tell us a lot about our own origins. 
According to the prevailing theory 
of our beginnings, a nearby stellar 
explosion 5 billion years ago caused 
a cloud of gas and debris to collapse 
into a disc. Most of this cloud came 
together to form the Sun. The lion’s 
share of the leftovers collapsed to form 
Jupiter 4.5 billion years ago, followed 
by the formation of the other planets. 
Because its intense gravitational 
pull kept the original material from 
escaping, Jupiter is like a time capsule 
that captured the nature of that cloud. 

Like the Sun, Jupiter's atmosphere is 
99 per cent hydrogen and helium. The 
other elements are more perplexing. 
When the Galileo spacecraft dropped 
a probe through the clouds in 1995, 
it found that heavy elements like 
nitrogen and carbon were two to four 
times more abundant on Jupiter than 
the Sun, indicating Jupiter picked up 
the gases from icy bodies we would 
expect to find in more distant, colder 
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regions of the Solar System. One 
possibility is comets carried the debris 
to Jupiter. But it's also possible that 
Jupiter formed further away from the 
Sun than it is today. 

The various theories predict 
different volumes of water in Jupiter's 
atmosphere. By detecting the volume 
of oxygen and other elements, Juno 
could tell us which theory is more 
likely correct or point us to a new 
theory. Understanding how oxygen, 
carbon, and other life essentials 
arrived on Jupiter will also help us 


understand how they arrived on Earth. 


Juno's Microwave Radiometer 
(MWR) should help us unravel this 
mystery. It will measure microwave 
radiation emanating from the interior 
cloud levels. At each depth, only 
microwave radiation in a certain 
wavelength range has sufficient 
energy to make it past Jupiter’s outer 
cloud level. With six radiometers 
each measuring distinct wavelengths 
of radiation, MWR will be able to 
detect six separate cloud layers 
in the atmosphere. This will give 
us a 3D model of the atmosphere 
extending from the cloud tops, where 
the pressure is similar to Earth, to 
hundreds of kilometres deep, where 
the pressure is much greater. MWR 
will also help us understand whether 
distinct structures on the cloud top 
surface, such as the Great Red Spot, 
float on the atmosphere or extend 
down to the lower layers. 

Juno's Jovian Infrared Auroral 
Mapper JIRAM) will also peer 
into Jupiter's atmosphere, using a 


combination of an infrared camera and 
a spectrometer, which splits light into 
its component wavelengths. Probing 
50 to 70 kilometres (31 to 43 miles) 
below the cloud tops, JIRAM's camera 
will detect heat to gauge the make- 

up of water and other compounds in 
deeper clouds. Different gases, such 

as ammonia and methane, absorb 
different wavelengths of infrared light. 
By analysing the missing wavelengths 
of light with a spectrometer, JIRAM 
will be able to determine the chemical 
composition of the clouds. 

JIRAM will also examine Jupiter's 
magnetic field. Astronomers believe 
that a third to half of the way down to 
the centre of the planet, the pressure 
gets so intense that the hydrogen 
and helium takes liquid form. This 
churning liquid conducts electricity, 
creating a powerful dynamo that 
generates a huge magnetic field. 

Juno's Magnetometer (MAG) will 
create a 3D map of the magnetic field 
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by detecting its Birkeland currents, 
electrical currents that align with the 
field. To avoid contamination from 
Juno's other instruments, which have 
small magnetic fields of their own, the 
two flux gate magnetometer sensors 
sit on a 3.6-metre (11-foot) boom on the 
end of one of the solar arrays. Jupiter 
offers an excellent opportunity to 
investigate magnetic field properties 
because it doesn't have an outer crust 
to get in the way of measuring the 
dynamo. Juno is likely to capture the 
most detailed view of a dynamo yet. 
Several Juno instruments will 
examine the magnetic field's most 
striking manifestation, the auroras 
over Jupiter's poles. As electrons and 
ions stream over the northern and 
southern hemispheres, they interact 
with the magnetic field and emit light 
photons. The result is a spectacular 
light show 1,000 times bigger than 
Earth's northern lights. Juno's Jupiter 
Energetic Particle Detector Instrument 
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field on Juno's orbit, 
the Gravity Science 










internal makeup. 


JunoCam 

Juno's wide-angle visible 
light camera will take 
photos of Jupiter's cloud 
tops during the probe's 
closest approaches. 
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Microwave 

Radiometer (MWR) 

MWR's six radiometers will 
measure the microwave radiation 
emitted from six cloud levels, 
revealing details of Jupiter's 
composition going hundreds of 
kilometres deep. 


Jupiter Energetic Particle 
Detector Instrument (JEDI) 
Working closely with JADE, JEDI 
will measure how high-energy 
electrons and ions interact with - 
Jupiter's magnetic field. 


Solar Arrays 

The three 8.5-metre-long arrays 
include 18,000 solar cells that 
will convert the Sun's energy into 
electricity, generating 420 watts 
to power all of Juno's equipment. 


Juno 
| |e 


Jovian Auroral Distributions 
Experiment (JADE) 

JADE will examine the processes behind 
Jupiter's aurorae by detecting the individual 
electrons and ions that interact with the 
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Waves 
The Waves rabbit-ear antenna will 
measure radio and plasma waves to 
examine Jupiter's magnetosphere, 
a bubble of plasma captured by 
Jupiter's magnetic field. 


WiC Ty 
Profile 


Juno 


Mission dates: Aug 2011-Oct 2017 
Launch: Lifted off from Cape 
Canaveral on 5 August 2011 
Objectives: Reach Jupiter in July 
2016; study multiple levels of 
Jupiter's distinctive clouds; analyse 
water content in the atmosphere; 
measure the gravitational field to 
analyse Jupiter's centre; examine 
Jupiter's magnetic field and 
northern and southern auroras; test 
theories of Jupiter's development 
and evolution; search for evidence 
of how the Solar System began; 
investigate the source of oxygen 
on Solar System planets; complete 
33 orbits over the course of a year; 

end mission and de-orbit to burn 
up in Jupiter's atmosphere in 
October 2017. 








Juno 


Exploring Jupiter - where Juno fits 





® Pioneer 10 
Date: 3 December 1973 
Type: Flyby 
The probe examined Jupiter's 
magnetosphere and radiation 
belts determining that the 
planet is mostly liquid. 


The orbit 
explained 


One of the most remarkable 
things about Juno is its 
unconventional polar orbit. If it 
took a simpler orbit around the 
equator, Juno would only get 

a look at the middle region of 

the planet. By taking a carefully 
co-ordinated, highly elliptical path 
over the north and south poles, 
Juno will be able to see every bit 
of Jupiter over the course of its 

33 laps. The orbit will also allow 
Juno to stay very low on each pass 
- just a few thousand kilometres 
above the clouds - ducking safely 
below Jupiter's radiation belt, 
which would otherwise damage 
on-board electronics. 














® Pioneer 11 
Date: 2 December 1974 
Type: Flyby 
The probe made the first 


observations of Jupiter's ie 


polar regions. 


(JEDD and Jovian Auroral Distributions 
Experiment JADE) will examine the 
particles to determine the amount 

of energy each carries, exactly how 

the auroras form, and how the 
interaction with the magnetic field 
adds energy to Jupiter's atmosphere. 
Additionally, Juno's Ultraviolet Imaging 
Spectrograph (UVIS) will capture 
ultraviolet light images of the auroras. 

Juno's Waves instrument will 
examine Jupiter's magnetosphere, a 
giant bubble created by the magnetic 
field that traps plasma (electrically 
charged gas). Waves measures the 
electrical and magnetic components 
of the magnetosphere's radio and 
plasma waves, using four-metre (13- 
foot) rabbit ear-style antennas and a 
compact antenna made of coiled wire. 
Electricity moves through the entire 
magnetosphere, making it something 
like a giant electrical circuit. By tuning 
in to the activity at any one point, 
Waves can monitor what's happening 
throughout the magnetosphere. 

Juno will also look at Jupiter's 
deepest mystery: what's at its centre. 
The prevailing theory is Jupiter has a 
dense, solid core of heavy elements 
formed in the early days of the Solar 
System. According to this hypothesis, 
Jupiter began to form when debris, 
asteroids and comets clumped 
together to form a rocky, icy planetoid. 
When the planetoid gained enough 
mass, its gravitational pull captured 
hydrogen and helium gas left over 
from the Sun's formation, steadily 
growing into a gas giant. The leading 
alternative theory is there is no rocky 
core. Instead, Jupiter formed directly 
from a cloud of gas and dust, making 
the planet a hydrogen and helium mix 
all the way down. 

Juno will examine Jupiter's internal 
structure for evidence supporting 
or refuting these theories. It's not 
feasible to descend to the centre of 
the planet, but Juno can learn a lot 
from orbit. Jupiter's inner composition 
will result in characteristic variations 











Ulysses @ 
Date: 8 February 1992 
Type: Flyby 
The solar observation probe used Jupiter 
to slingshot itself into a trajectory over 
the Sun's poles for its solar observations. 


‘It's also possible that Jupiter 


formed further away from 
the Sun than it is today” 


in the gravitational field at different 
points around the planet. Those 
gravitational field changes, in turn, 
will shift Juno's path very slightly as it 
orbits. The Gravity Science Experiment 
(GSE) instrument will measure these 
changes by tracking shifts in radio 
signals. An on-board radio transponder 
and the massive radio antennas of 
Earth's Deep Space Network will send 
continual signals back and forth. 

The Doppler shift of the signals will 
indicate changes in Juno's position 
moment-to-moment, allowing GSE to 
map Jupiter's gravitational field. 

On top of unlocking Jupiter's secrets, 
the Juno team also faced the challenge 
of completing the spacecraft's five- 
year, 2.8 billion-kilometre (1.7 billion- 
mile) journey. On 5 August 2011, 

Juno left Earth on an Atlas V rocket. 
In space, it used an on-board rocket 
engine to manoeuvre into a trajectory 
that will take it within 500 kilometres 
(310 miles) of Earth in October 2013. 
On this pass, Earth's gravitational pull 
will boost Juno's velocity, flinging it 
towards Jupiter. 

Juno continually spins as it travels, 
which offers two key benefits. First, 
the gyroscopic effect of the spin 
stabilises its flight. Second, it allows 
Juno to continually scan Jupiter's 
surface in orbit. The 2rpm spin gives 
each of the various instruments, 
positioned around the spacecraft, a 
turn to observe the planet. 

Juno is the first outer Solar System 
spacecraft to run wholly on solar 
power. It will capture the energy it 
needs in Jupiter orbit, using 18,000 
solar cells on three massive arrays. 

One of the journey’s main 
challenges is intense cold and 
radiation. Shiny thermal blankets 


protect Juno's surface from extreme 
temperatures, while an armoured 
titanium vault houses its sensitive 
electronics. Outside the vault, Juno will 
receive the equivalent of 100 million 
dental X-rays. Inside the vault, the 
exposure will be a more manageable 
120,000 dental X-rays. 

The Juno crew will keep in contact 
with the spacecraft's on-board brain 
- the Command and Data Handling 
System (CDH) - via radio signals. It 
takes radio signals 45 minutes to travel 
between here and Jupiter, making 
instantaneous control impossible. 
Instead, Juno will make many 
adjustments itself. When it encounters 
a problem, it enters a standby mode, 
alerting Earth and staying in safe orbit 
until it receives new orders. 

When Juno reaches Jupiter in 2016, 
the control crew will be in constant 
contact. And the people who designed 
the spacecraft and instruments will be 
eagerly awaiting its new discoveries. @ 
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Galileo 

Date: 7 December 1995 

Type: Orbiter 

In a 58-minute trip below Jupiter's 
clouds, Galileo's descent probe 


measured 720km/h (450mph) winds. 
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NASA asked Lego for some special passengers to accompany their hi- tech instruments: 
custom aluminium minifigures of the Roman god Jupiter, goddess Juno, and Galileo 
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Cassini-Huygens 

Date: 30 December 2000 
Type: Flyby 

On its way to Saturn the probe 
observed Jupiter, yielding 

new details about the planet's 
atmospheric circulation. 








Technicians install 
guidance and 
Navigation systems 


New Horizons 

Date: 28 February 2007 

Type: Flyby 

New Horizons used Jupiter's 
gravitational pull to boost its speed 
by 4km/s (2.5 miles/s), shortening its 
journey to investigate Pluto. 


Juno's 
journey 


say (=) me) a yt 
The Atlas rocket doesn't 
provide enough power 
to pull Juno away from 
dg oe yeas ee Viele) ar) 
pull. The probe will stay 
in our neighbourhood 
for two years. 
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As Juno approaches 
Jupiter at top speed in 
July 2016, the probe 
will have to fire rockets 
exactly right to slow 
down and fall into 
Jupiter orbit. 


Juno 

Date: 5 August 2011 
Type: Orbit 

The only outer Solar System ‘craft 
to be powered wholly by solar 
power, Juno's thorough orbit will 
shed new light on the gas giant. 


4. Gravitational slingshot 
When Juno comes within 500km (310 miles) 
of the Earth in October 2013, the planet's 
gravitational pull will boost the probe's 

velocity enough to sling it towards Jupiter. 


1. Launch ® 


On 5 August 2011, when 
the planets were properly 
aligned for the journey, an 

Atlas V rocket launched 
Juno on its way to Jupiter. 


\) 3. Deep space 
manoeuvres 
In early September 2012, 
Juno's main engine 
adjusted the probe's 
trajectory to send it back 
towards Earth. 


© 6. De-orbit 
In October 2017, after 33 
observation passes, Juno will 


end its mission by descending 


into Jupiter's atmosphere. 
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These megastructures 
could ring the Earth to 
provide global transport 
systems in the future 


Today, transporting people and cargo into space 
is an extremely expensive, dangerous and time- 
consuming enterprise. It relies on rockets that can 
only take relatively puny loads into Earth orbit. 

To make space more easily accessible, scientists 
have put forward the idea of building space 
elevators. These would consist of cables made of 
carbon nanotubes, that would carry an elevator from 
the Earth’s equator to a geostationary space station 
linked to a counter-mass (See issue 2). 

Linked to the space elevator idea is the concept 
of creating an orbital ring or orbital ring systems. As 
early as the 1870s, the inventor Nikola Tesla thought 
that a solid structure built around the equator would 
“float freely and could be arrested in its spinning 
motion by reactionary forces”. Using this orbital ring 
he predicted passengers could travel at a speed of 
around 1,600 kilometres per hour (990 miles per 
hour) around the globe. 

A simple orbital ring could be made from cables 
or inflatable modules that could be constructed in 
Space or transported to the ring in a space elevator. 
As this orbits the equator, ring stations ride on 
superconducting magnets to keep them positioned 
over the same point on Earth. By this means space 
elevators can be attached to the ring stations. 

A better method of keeping the ring stations in 
a geostationary orbit is to attach them to the ring 
and accelerate the ring eastwards, to counteract the 
motion of the rotating Earth. The benefit of this is 
that you can obtain a geostationary orbit without 
having to travel almost 36,000 kilometres (22,000 
miles) as satellites have to do today to remain over 
the same area of Earth. 

Another benefit of an orbital ring is that it could 
be moved to rotate over the Earth beyond the 
equator and even ring the Earth from pole to pole. 
By having several rings and connections between 
them an extensive transport system can be built 
that would provide a global means of travelling to 
and from space. 

Such a megastructure would cost billions but it 
would eventually bring the cost of taking payloads 
into orbit extremely cheap, safe and efficient. 
Furthermore, similar rings could be built around the 
Moon and other planets to fully explore and exploit 
the resources of our Solar System. & 
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The structure of the ring can be made 
from pre-fabricated inflatable modules. 


Ring stations 
AM c=le=)\ ny oar- ale =y de 
point for passengers 
and cargo. These can 
provide a base for living 
quarters, entertainment, 
scientific laboratories and 
construction activities. 
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These run down from stations 
positioned around the ring to 
Earth-based terminals. They 
transport passengers and 
cargo to and from the orbital 
ring along cables made from 
carbon nanotubes. 
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A transport system inside or 

outside the ring could carry 

people around the globe and 
allow them to return to Earth , 
down any of the space elevators 

carried by the ring stations. ; 


To provide a geostationary orbit, the ring can be accelerated eastwards 
causing the ring stations to remain over the same section of Earth 
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Will Percival, Professor of Cosmology 
at the University of Portsmouth 


Cosmology, the study of the history 
and large-scale structure of the 
universe, has a way of putting you in 
your place. It’s hard enough getting 
to grips with the fact that our entire 
complex world is littke more than a 
speck of rock orbiting an insignificant 
Sun, and that even our galaxy is just 
one among hundreds of billions in the 
universe. But now it seems that all the 
visible matter in the cosmos is vastly 
outweighed by an unseen ‘shadow 
universe’ - a strange realm filled 
with heavyweight particles that are 
invisible through the most powerful 
telescopes, pass straight through 
normal matter as if it wasn't there, and 
only reveal their presence through the 
influence of gravity. 

This ‘dark matter’ is one of the 
greatest mysteries of modern 
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astronomy - permeating and 
surrounding the normal ‘baryonic’ 
universe of matter that interacts 
through electromagnetic forces, it 

is frustrating but also tantalising. 
Because, despite its unsociable nature, 
dark matter has had an enormous 
influence on the history and 
development of the universe. In fact, 
it is probably fair to say that if it 
weren't for dark matter, we wouldn't 
be here today. 

“There is an incredible amount of 
evidence for an increased gravitational 
force pulling the baryonic material 
that we can see together,” explains 
Will Percival, Professor of Cosmology 
at the University of Portsmouth, “and 
this can most simply be explained by 
having this dark matter component, 
basically an excess amount of this 


material which interacts through 
gravity but doesn't interact through 
the electromagnetic force. It’s the 
simplest explanation for a huge 
number of phenomena.” 

Percival is one of the UK's 
leading researchers into dark matter, 
and is involved in a number of 
groundbreaking galaxy surveys that 
aim to map its changing influence 
throughout the history of the universe. 
“We are currently going through a 
very interesting time in astronomy,’ 
he explains, “where a large fraction of 
the energy density in the universe is 
unknown. We think that's dominated 
by a force called dark energy [see 
boxout on page 42], but even out of 
the 30 per cent that we think interacts 
gravitationally - the matter component 
of the universe - we think only a small 





Dark matter 
nim 


—-— 


yA hE ; a 





fraction of that is baryonic, and the 
rest is dark matter.” 

So what's the evidence for this 
mystery matter? It turns out to 
come from a surprising number of 
sources, and taken in combination 
is enough to convince the most 
sceptical scientists. The first signs that 
something was wrong with traditional 
models of matter in the universe 
came as early as the Thirties, but 
were explained away for more than 
four decades before being resurrected. 
In 1932, Dutch astronomer Jan Oort 
undertook an ambitious project to 
map the rotation of our galaxy from 
the movement of individual stars 
and clusters within it. He expected to 
find that stars were moving at slower 
speeds the further away they were 
from the centre of the Milky Way Gust 


The galactic curve 


The first clues to the existence of dark matter came from studying 
the orbital speeds of stars within spiral galaxies, and discovering 
that they did not behave as simply as planets orbiting a star. 


1. Galactic hub 

In traditional models of galaxy 
structure, most of a spiral galaxy's 
mass was thought to be concentrated 
in this central region, with other 
objects orbiting around it. 


2. Inner stars 

Stars close to the hub move around 
their orbits at high speeds, in 
accordance with the established laws 
of orbital motion. 


3. Spiral arms 

The movement of different regions in 
the galaxy's disc at different speeds 
helps to create its beautiful pattern of 
spiral arms. 


4. Slower orbits 

Stars a little further away from the 
hub not only have larger orbits, but 
also move more slowly along them, 


matching again with established orbital 
motion theories. 


5. Keeping pace 

Stars at greater distances from the 
galaxy's hub move at almost the same 
speed as those closer in - they do not 
behave as they should if the galaxy's 
mass is all concentrated in the hub. 


6. Dark matter halo 

Instead, astronomers think that the 
galaxy's mass is much larger and more 
evenly distributed. Huge amounts of 
dark matter form a halo that extends 
beyond the visible disc and influences 
the orbits of its stars. 


7. Rotation curve 

By plotting the speeds of stars in 
different parts of a spiral galaxy, 
astronomers can measure the amount 
and distribution of its dark matter. 
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matter 
pioneer 


US astronomer Vera Rubin (born 
in 1928) is widely regarded as the 
founder of modern studies into 
dark matter - it was her research 
into galaxy rotation curves in 
the Seventies that proved that 
something was wrong with the 
standard model of stars and gas 
clouds orbiting in spiral galaxies. 
She is currently a research 
astronomer at Washington's 
Carnegie Institution. Despite 
having laid the foundations for 
the entire field of dark matter 
research, Rubin herself has 
expressed a preference for MoND 
(Modified Newtonian Dynamics) 
explanations for her observations. 
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as planets in our Solar System move 
more slowly the further they are from 
the Sun). But instead, Oort discovered 
that stars were moving at more or 
less the same speed regardless of 
their distance from the concentration 
of mass in the core of our galaxy. In 
some cases, the outlying stars were 
moving fast enough to escape the 
predicted gravity of the Milky Way and 
fly off into interstellar space, so Oort 
suggested that the galaxy contained 
substantial amounts of ‘missing mass’, 
extending well beyond the visible edge 
of the Milky Way's spiral structure. 
Just a year later, the Swiss-American 
astronomer Fritz Zwicky came up with 
another, independent line of evidence. 
Mapping the motion of galaxies in 
the Coma Cluster - an enormous 
cluster of more than a thousand 
galaxies situated approximately 320 
million light years away from the 
Earth - he found that the outlying 
members behaved as though under 
the influence of far more mass than 
the visible galaxies could account for. 
Zwicky estimated that the invisible 
material outweighed the visible by 
roughly 400 times, and even coined 
the name ‘dark matter’ to describe it. 
These early discoveries, however, 
were soon overwhelmed by 
developments in other areas of 
astronomy - the development of 
ground-based radio astronomy in 
the Thirties, and then of rocket- 
borne detectors and ultimately 
satellite telescopes from the Forties 
onwards, revealed that the universe 


Professor Percival and his colleagues 
believe that dark energy only 
became the dominant force in the 
universe after several billion years 


mob looking for an 


was actually rich in matter that just 
happened to emit radiations other 
than visible light. This ranged from 
cool tendrils of dust glowing slowly 

at radio wavelengths, to hot jets and 
clouds of X-ray-emitting gas - there are 
even countless cool dwarf stars that 
shine only in the infrared. 

It was only in the late-Sixties that 
US astronomer Vera Rubin looked 
again at the problem of rotation in 
our galaxy and others, and found 
that, even with all that extra matter, 
the ‘missing mass’ problem remained 
unresolved. Her first results, published 
in 1975, were swiftly followed by 
new studies of galaxy clusters which 
confirmed that, while Zwicky might 
have overestimated the proportion of 
dark matter, it was still a reality and 
probably accounted for around 90 per 
cent of all the matter in the universe. 

But while the behaviour of stars 
within galaxies and galaxies within 
clusters offers important evidence 
for dark matter, it was not conclusive 
- what if something else was wrong 
with the models? One intriguing 
possibility is that the theory of 
gravitation itself was incomplete 
- perhaps the strength of gravity 
changed over larger distances - a 
theory known as Modified Newtonian 
Dynamics (MoND). 

That's where the third, and perhaps 
most intriguing, line of evidence 
comes in - and it’s one that leads 
back to the birth of the universe 
itself. In 1964, scientists working at 
Bell Research Laboratories in New 


unknown, massive and 
‘non-relativistic’ particle” 






Jersey discovered the gentle glow of 
the Cosmic Microwave Background 
Radiation (CMBR) - a radio signal 
emitted from all across the sky, 
released from the incandescent fireball 
of the expanding universe some 13.7 
billion years ago. The long journey 
across expanding space has stretched 
or ‘redshifted’ this radiation so that 

it now glows at a temperature of 

just 2.7 degrees Celsius (4.9 degrees 
Fahrenheit) above absolute zero, the 
coldest possible temperature, but it 
still offers conclusive proof that the 
universe started with an almighty 
explosion - the Big Bang. 

But that's not all. Since the Nineties, 
astronomers have been mapping 
‘ripples’ in the CMBR - slight variations 
in temperature that indicate the 
universe was already developing 
density variations before it became 
transparent around 300,000 years 
after the Big Bang. These ripples reveal 
the initial concentrations of matter 
that ultimately condensed to form the 
web-like cosmic structure of today’s 
galaxy clusters and superclusters. 

The seeds of these variations were 
probably planted in the instant of 
creation by the dramatic expansion 
or ‘inflation’ of quantum fluctuations 
- minute variations in the primordial 
universe that are an intrinsic and 
unavoidable consequence of the laws 
of physics. But they also show the 
unmistakable signs of turbulence at 
work in the infant universe over the 
ensuing 300,000 years, including the 
tell-tale influence of dark matter. 
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Mapping 
the universe 


with WMAP 


Launched in June 2001, 
WECM VII tno eM ilacey Nene} 
Anisotropy Probe (WMAP) 
provided astronomers with 
their first detailed look 
at the rippled structure 
of the Cosmic Microwave 
Background Radiation 
(CMBR). Using highly, 
sensitive detectors cooled, 
to around -180°C (-292°F), » 
the NASA space telescope 
InEKB veer SIUI Cem VeL a Le (eyeTs 
~ of around 1/20,000°C . ° 
- (1/36,000°F) in the CMBR's 
average temperature, 
producing a series of maps in 
UsielaMieleen(ael(aee-lee\ecte 
red, and cooler areas blue.’ 
The cooler areas correspond 
to denser regions in the 
newborn universe, and 
their distribution, shaped 


by the influence of acoustic 


waves rippling through the 

dense fireball, has allowed. - 
astronomers to detect and 
measure the quantities of 
dark matter that existed in 


the early universe. 
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Around 7 billion years ago, dark 
energy became a dominant force 

in the universe. As aresult, the - = 
rate of cosmic expansion.is now 


accelerating once again. 
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the early universe. 
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This enormous explosion created all 
the matter and energy in the universe 
in an incandescent fireball. a 
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Dark matter 


MACHOs 


According to the MACHO explanation, a 
wide range of dark, dense objects orbit in 
the halo around our galaxy and others. 
However, these objects are very rare, SO 
it seems MACHOs can contribute little to 
the overall quantity of dark matter. 





Will Percival elaborates: “The 
idea is that you need some sort of 
seed ripples that will initially form 
structure, and inflation gives us the 
best theory for those. But if we rely on 
inflation alone to drive the structure 
of the expanding universe, this gives 
us a Straight ‘power law’ for these 
fluctuations, which fails to match the 
distribution of matter in the present- 
day universe. 

“But in the period after inflation, 
the actual density of the universe was 
similar to that of the Sun - so you have 
to transfer a lot of physical processes, 
such as the effect of sound waves, 
which you have to think of inside a 
body like the Sun, on to your model of 
the universe. A lot of the information 
that comes out of mapping the CMBR 
actually emerges from studies of this 
‘transfer function’” 

Key to this transfer function 
are so-called ‘baryonic acoustic 
oscillations’ or BAOs - pressure waves 
that rippled back and forth through 
the expanding fireball, forming a 
distinctive pattern whose imprint can 
be traced in both the CMBR and the 
distribution of galaxies in the present- 
day universe. 
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White dwarfs 


Formed from the 


Rogue planets 
With sizes ranging 


Interplanetary 
debris 


Brown dwarfs 
These lightweight 


Black holes 
Born out of a massive 


cores of dead stars, 
white dwarfs are hard 
to spot because of 
their tiny size, but 
can weigh as much 

as the Sun. 


“To get the CMBR that we see, there 
is very little way around having dark 
matter as a dominant contribution, 
because the baryonic material 
supports these acoustic waves, but 
dark matter does not. By looking at 
the amplitude of the acoustic waves 
in the CMBR, you can really get a 
strong constraint on the dark matter 
density that you need. This is one of 
the key pieces of evidence that rules 
out MoND-type theories - for galaxy 
rotation curves and the like, you can 
get away with modifying gravity, but 
for the cosmic microwave background 
its much more difficult to do that.” 

So, having proved the need for dark 
matter, the next obvious question: 


What exactly is it? In the early-Eighties, 


astronomers settled on a couple of 
possibilities, blessed with the fetching 
acronyms of MACHOs and WIMPs. 
MACHOs are ‘Massive Compact Halo 
Objects’ - hypothetical bodies with 
the mass of planets or even stars, 
orbiting in the halo above and below 
the disc-like plane of spiral galaxies. 
They might be burnt-out stellar 
remnants such as white dwarfs or 
black holes, rogue planets ejected 
from orbit around their parent stars, or 


from Mercury to 
Jupiter, these may 
have been ejected 
from their stars into 
long orbits through 
the galactic halo. 


Smaller chunks of 
asteroid and comet- 
like debris are thrown 
into interstellar space 
during the formation 
of solar systems. 


“Astronomers knew there 


failed stars never 
accumulated enough 
material to shine 
properly, and are 
easily ejected into a 
galaxy’'s halo region. 


dying star, a black 
hole has such strong 
gravity that no light 
can escape, and it's 
invisible unless it 
affects other objects. 





was one particle with the 
potential to be a WIMP" 


brown dwarfs - protostars that never 
achieved enough mass to start shining. 
In effect, they are just concentrations 
of normal baryonic matter that we 
can't detect due to their small size and 
weak radiation. 

“MACHOS are pretty much ruled out 
as a major contributor to dark matter 
these days,” explains Percival. “There 
was a series of searches for them back 
in the late-Nineties, and they found 
so few that they could set reasonably 
tight constraints. In addition, baryonic 
MACHOs still wouldn't help to explain 
the problems of the CMBR structure, 
which need non-baryonic dark matter 
anyway. So not only do these MACHOs 
not exist in large numbers, but even if 
they did, they wouldn't help to answer 
some of the key questions.” 

WIMPs, meanwhile, are ‘Weakly 
Interactive Massive Particles’ - which 
is really just another way of saying 
that they're a hypothetical form of 
subatomic particle that permeates 


the universe in vast quantities, has 
substantial mass, but otherwise 
interacts very little with normal 
matter. They're now acknowledged as 
the dominant form of dark matter, but 
that does little to explain what they 
actually are. 

From the outset, astronomers 
knew there was one particle with the 
potential to be a WIMP. Neutrinos 
are tiny subatomic particles that are 
generated in enormous quantities by 
the nuclear reactions inside stars, and 
travel at almost the speed of light, 
flooding the entire universe. Millions 
of them pass through our bodies 
every second, and most zip through 
the entire Earth as if it wasn't there. 
For this reason, astronomers can only 
detect them using some of the world’s 
weirdest telescopes. 

For decades, neutrinos were 
thought to be completely massless 
particles, but some argued that if they 
had a mass that could be found and 
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measured, then it might be enough 
to make a significant contribution to 
dark matter. In 1998, astronomers at 
Japan's Super-Kamiokande neutrino 
observatory confirmed a phenomenon 
called oscillation Gn which neutrinos 
‘flip’ between different types) that 
is only explicable if neutrinos do 
in fact have a tiny mass - less than 
1/100,000th that of an electron. 
However, even with the largest 
plausible maths, neutrinos could only 
contribute around ten per cent of the 
universe's missing mass. What's more, 
their properties don't necessarily 
match what little we can work out 
about the likely behaviour of WIMPs. 
The most productive way of 
studying WIMPs is through computer 
modelling - assigning various different 
properties to the hypothetical 
particles in a complex simulation of 
the early universe, and seeing how 
these properties affect the way that 
structure develops in the simulated 
baryonic matter. The most important 
property cosmologists assign to 
their model WIMPs is similar to 
temperature, and indicates how far 
and how fast the particles could travel 
in the early universe before slowing 
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WIMPS 


The UK Dark Matter Collaboration’s 
laboratory at Boulby Mine beneath the 
North York Moors hosts some of the 
world's first dedicated WIMP detectors. 
Scientists hope they will reveal direct 
evidence for WIMPs, and perhaps even 
some of their properties. 


1. Bombardment from space 
Particles from space raining down on 
Earth include cosmic rays from the Sun 
and other sources, as well as neutrinos 
and WIMPs 


2. Going down 

Sited 1,100m (3,600ft) below ground 
in one of Europe's deepest mines, the 
DRIFT detectors are only accessible via 
deep mine shafts. 


3. Soaked up 

Layers of dense rock absorb even the 
highest-energy cosmic rays, ensuring 
that none can reach the experiments. 


4. Passing through 

Lightweight neutrinos and mysterious 
WIMPs pass through the rock as if it 
wasn't there, because they are only 
weakly interactive with normal matter. 


5. DRIFT detector 


This experiment looks for rare collisions 
between WIMPs and molecules in a low- 
pressure gas, and hopes to measure the 
recoils they create in the gas particles. 


down. This in turn affects the scale 

of density variations that WIMPs 

could seed in the early universe - the 
‘cooler’ the dark matter, the smaller the 
fluctuations it creates. 

Neutrinos are a form of ‘hot dark 
matter’, but as the level of detail in 
our maps of the CMBR has increased 
thanks to satellites such as the 
Wilkinson Microwave Anisotropy 
Probe (WMAP) and the European 
Space Agency's Planck Telescope, 
we've discovered more and more 
fine structure in the early universe, 
suggesting that cold dark matter 
or ‘CDM’ is the dominant type. 
Another important characteristic of 
CDM is that it tends to gather in the 
Same regions as baryonic matter, 
which helps explain why it is largely 
associated with galaxy clusters and 
individual galaxies. 

“Neutrinos can't make enough of 
a contribution to dark matter, and 
all the observational evidence that 
we have fits within what's called a 
‘Lambda CDM universe’ - a fairly 
simple model of the universe in which 
the dark matter is cold, relatively 
slow moving, and has absolutely no 
interactions with electromagnetic 
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Discovering 
dark matter 


According to the latest research, 
luminous objects such as stars 
and galaxies make up just a tiny 
proportion of the matter in the 
universe, vastly outweighed by 
dark matter. 
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1. Dark energy 

This newly discovered phenomenon, 
which causes space to expand at an 
increasing rate, accounts for 72 per 
cent of all energy in the universe. 


2. Mass or energy? 

The mass within baryonic and dark 
matter together binds up 27 per cent 
of all the energy in the universe. 

Until the late-Nineties, it was thought 
to account for 100 per cent of 
cosmic energy. 


3. Dark matter 

Studies of galaxy rotation and 

galaxy clusters reveal the 
gravitational influence of dark 
matter, accounting for 85 per cent of 
all the mass in the universe and 23 
per cent of all energy. 


4. Intergalactic gas 
X-ray-emitting intergalactic gas is 
now thought to account for 4.6 per 
cent of all the universe's energy, or 
13 per cent of its mass. 


5. Other radiations 

Not all ‘baryonic’ matter produces 
visible light - objects such as 
interstellar dust and intergalactic 
gas clouds emit invisible, but still 
detectable, radiations such as 
infrared and X-rays. 


6. Visible matter 

Stars, galaxies, and other objects 
that glow in visible light account for 
just 0.4 per cent of all the energy 
in the universe, or 1.5 per cent of all 
the mass. 
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Hubble's dark 
matter map 


In 2007, astronomers published the first three- 
dimensional map of dark matter in a small section of 
the universe. Using gravitational lensing - the way that 


large concentrations of mass bend the path of light - 
they mapped the distribution of dark matter between 
3.5 and 6.5 billion light years from Earth. 
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forces,” explains Percival. “So we're 
looking for an unknown, massive, and 
‘non-relativistic’ particle.” 

Most of the current suggestions for 
exactly what these particles might 
be originate not from astronomical 
observations, but from the musings 
of theoretical physicists. They 
bear exotic names such as axions 
and supersymmetric particles, 
and arise naturally from various 
‘unifying theories’ of physics that are 
themselves so far unproven. 

Could such a particle ever be 
discovered through astronomical 
observations? Professor Percival is 
doubtful: “Unless these particles prove 
to have some ‘non-cold' features that 
we could pick up, we're probably more 
likely to discover them using particle 
accelerators than using telescopes. You 
should never say never, but it would 
take something outside of the current 
bounds of mainstream astronomy to 
pick it up.” 

So, if dark matter is so hard to 
detect and so reluctant to interact with 
the everyday universe, why should 
we worry about it? One long-standing 
reason is that it could affect the fate 
of the cosmos itself. The amount of 
matter in the universe, and the gravity 
it exerts, was thought to determine 
whether cosmic expansion, powered 


by the enormous explosion of the Big 
Bang, would keep going forever, or 
eventually slow to a halt. With enough 
matter in the universe, the expansion 
might even go into reverse, pulling 
everything back to a cataclysmic 

‘Big Crunch’ at some point in the 
unimaginably distant future. Attempts 
to measure the density of the universe 
repeatedly came up with figures on 
the tantalising borderline between 
these three scenarios, which only 
made the mystery of dark matter all 
the more intriguing. 

In the late-Nineties, however, the 
future of the cosmos was thrown 
into further doubt with the shocking 
discovery that cosmic expansion is 
actually accelerating, driven by an 
unknown force that was soon named 
‘dark energy’. This force seems to 
account for some 72 per cent of all 
the energy in the universe, with dark 
matter accounting for 23 per cent and 
baryonic matter around 4.6 per cent. 
At face value, it seems to ensure that 
the universe will keep expanding 
forever, but there's growing evidence 
that the story is more complicated 
than that. 

“There's a race on at the moment 
to get more information about 
dark energy, with a whole series of 
upcoming and ongoing experiments 
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At greater distances, the 
dark matter clouds join up 
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- traces of the large-scale 
cosmic structure that has 
become more clumpy as it 
collapses under gravity. 
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designed to fill in different pieces of 
the puzzle,” explains Professor Percival. 
Most recently, he and his colleagues 
have announced a remarkable 
measurement of the scale of the 

early universe, showing how cosmic 
expansion was initially slowed by 
matter and gravity, and dark energy 
only became the dominant force after 
several billion years. 

His University of Portsmouth 
colleague Dr Matthew Pieri draws an 
interesting comparison to the ups 
and downs of cosmic history: “If we 
think of the universe as a rollercoaster, 
then today we are rushing downhill, 
gaining speed as we go. Our new 
measurement tells us about the time 
when the universe was climbing the 
hill - still being slowed by gravity. It 
looks like the rollercoaster crested the 
hill just about seven billion years ago, 
and were still going.” 

And where do we go from here? Is 
it possible that dark energy could fade 
away again and the pull of dark matter 
could reassert itself after a relatively 
brief cosmic ‘growth spurt’? Or are we 
doomed to accelerate forever, perhaps 
at an ever-increasing rate? Nobody can 
say for certain, but it seems clear that 
these twin unknowns, dark matter and 
dark energy, ultimately hold the fate of 
the universe in their hands. @ 
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Just eight planets make up our Solar 
System, ranging from the rocky 
terrestrial inner worlds to the huge 
outer gas giant planets, and based on 
our understanding of exoplanets so far 
it appears that there are many other 
planetary systems both like and unlike 
our own around other stars. But could 
there be planet-sized objects drifting 
through the universe unattached to a 
host star or planetary system? 

“Rogue planets, also known as free- 
floating planets [FFPs], are planets 
that are freely floating through 
space. They are not orbiting a star 
or any other massive object, such 
as a white dwarf or black hole,” says 
Thijs Kouwenhoven, the co-author 
of a paper entitled ‘On the origin of 
planets at very wide orbits from the 
re-capture of free floating planets’ with 
colleague Hagai Perets. The two have 
been pivotal in the study of rogue 
planets, and believe that the universe 
is teeming with these nomad worlds 
that may have once been part of a 
planetary system like our own. 

“Theory suggests that all rogue 
planets are formed through the 
ejection of planets from planetary 
systems,” says Kouwenhoven. “If we 
look at our Solar System, we see that 
comets and asteroids can be ejected 
with high velocities when they come 
too close to Jupiter or Saturn. In the 
Same way, a planet can be ejected 
from a planetary system after a strong 
gravitational interaction with another 
planet. In fact, computer simulations 
suggest that Mercury is most likely to 
be the first planet to be ejected from 
our Solar System in the distant future 
[in billions of years].” 

It’s not only the interaction between 
planets that can deprive a world of 
its host system, however. Two stars 
passing close to each other in a 
crowded part of a galaxy could result 
in planets being flung from their 
system. One example of such a region 
is something known as a globular 
cluster, a compact collection of stars 
“where the density of stars is so high 
that most of the planets are likely 
to have left their parental star. Star 
clusters are therefore good places to 
look for free-floating planets.” 

While we can simulate their 
existence, the detection of rogue 
planets is rather more difficult, not 
least because our most successful 
current method of finding exoplanets, 
namely by observing their transit 
across their host star, is nigh-on 
impossible without such a star to 
transit. Therefore, scientists have been 
using the microlensing technique (see 
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"If the Earth were ejected 
temperatures would drop beyond the 
freezing point of the atmosphere " 


Thijs Kouwenhoven, planet expert 


galaxies in the observable universe. 
That's a lot of planets." 

But what of the conditions on such 
worlds? As they are drifting freely 
through space, it would be expected 
that almost all of them would be 
uninhabitable. With no star to heat 
their surface, every rogue planet is 
expected to be freezing cold and 
therefore it might seem impossible 
that the surface of any such world is 
habitable. Hope is not lost, however, 
says Kouwenhoven: “We know that 
our planet Earth is very warm on the 
inside. Sometimes we see molten lava 
coming out of volcanoes, so the heat 
source is clearly not the result of the 
Sun heating up the Earth [but rather a 
molten core]. 

“Some rogue planets may also have 
an internal heat source, just like the 
Earth. Although the surface of the 
planet might be frozen, underground 
oceans could exist due to the presence 
of the internal heat source. In fact, 
even in our own Solar System, several 
cold moons have subsurface water 


‘How do we find them?’ boxout) to 
find rogue planets in densely packed 
regions such as globular clusters. 

So, if we can't see rogue planets, 
how do we know they're there? 
“Traditionally, the existence of rogue 
planets came from theory, and later 
from computer simulations,” says 
Kouwenhoven. “Everyone playing 
with a simple planetary system 
simulator on an iPhone, or with the 
most sophisticated astrophysical 
software, will notice that many 
planetary systems are unstable, 
which often results in the ejection of 
one or more planets into deep space. 
Observationally it is very difficult to 
find free-floating planets. They do not 
emit light and are almost impossible to 
see with telescopes. In addition, their 
mass is much smaller than that of 
stars. Unlike for the detection of black 
holes, the gravitational pull of planets 
on their surroundings cannot be used 
to infer their existence." 

If the theory and simulations 
hold true, then from our knowledge 
of planetary systems, and our 
simulations of the gravitational 
interaction of planets, the expected 
number of such nomad worlds 
according to Kouwenhoven should 
be huge. “Based on observations, 
one can infer that there are roughly 
twice as many free-floating planets as 
there are stars in the neighbourhood 
of the Sun,” he says. “In crowded 
environments, such as in the centre 
of the Milky Way and in globular 
clusters there may be many more 
due to the destruction of planetary 
systems by close stellar encounters. A 
rough estimate gives 100 to 150 billion 
rogue planets in our Milky Way galaxy, 
and there are hundreds of billions of 


oceans. The most famous example 

is Jupiter's moon Europa, which has 
an icy cold surface, but a warm water 
ocean below. Rogue planets could be 
habitable to small creatures that like 
to live in subsurface oceans in total 
darkness. But it is not a very nice place 
for humans to go. If the Earth were 
ejected, the oceans would probably 
freeze quickly, and temperatures 
would drop rapidly beyond the 
freezing point of the oxygen and 
nitrogen in the atmosphere.” 

So, do these giant floating rocks 
pose any threat to Earth? Could they 
drift into the Solar System and impact 
our planet? “Yes, this is possible. 
However, the chances are extremely 
small, and it is unlikely that this has 
ever happened or will ever happen. On 
the other hand, it can happen that the 
Sun or another star captures a rogue 
planet into a wide orbit, far beyond 
the orbit of Pluto. This formerly rogue 
planet would then have found a parent 
star again, perhaps after billions of 
years of loneliness in deep space.” @ 


There could be up to 150 billion 
rogue planets in the Milky Way 





How do we find them? 


Kouwenhoven explains how we hunt for these lonely worlds: “Einstein's theory 

of relativity comes to help when finding free-floating planets. The gravity of 

each object in the universe deflects light. Under certain circumstances, this light 
deflection can act as a lens, and the light of a background star can be briefly 
enhanced. When a free-floating planet passes right in front of a background star, 
the background star suddenly becomes brighter for a brief time, and then faint 
again. The brightness changes due to microlensing have characteristics that allow 
the observer to derive the mass of the lensing object. In this way, several objects of 
planetary mass have been discovered, freely floating through space." 
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The Dragon sy 


The Dragon 
Space capsule 


The first commercially produced and operated spacecraft \ 
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to successfully enter orbit and return to Earth, and the 
first to deliver supplies to the International Space Station 


Elon Musk, founder of SpaceX, named 
this spacecraft after the song Puff, The 
Magic Dragon, because his detractors 
regarded this venture as being as 
credible as a the mythical beast. 

The Dragon is a reusable cone- 
shaped space capsule. It has a 
pressurised compartment to carry 
cargo, which in future can be refitted 
to carry seven crew members. An 
unpressurised service module beneath 
that section contains navigational 
equipment and propellant for the 
Draco thrusters that enable the ‘craft 
to be manoeuvred in Earth orbit. 
Underneath it is a PICA-X heat shield 
that can withstand re-entry from 
Earth orbit and even Lunar or Martian 
re-entry velocities. An unpressurised 
trunk on the outside carries the solar 
arrays, and inside it contains additional 
cargo. A nose cone covers the ‘craft 
when it is launched to protect it from 
the aerodynamic forces created during 
lift-off. The nose cone is jettisoned 
when the Dragon enters orbit, and 
the trunk is discarded shortly before 
re-entry and is not recoverable. 

At the moment the Dragon capsule 
uses parachutes to land in the Pacific 
Ocean, and is recovered to be reused 
for future missions. There are plans, 
however, to fit SuperDraco thrusters 
and landing gears to the capsule to 
enable it to land on solid ground. 

After being founded in June 2002, 
SpaceX developed the two-stage 
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Falcon 1 liquid-fuelled rocket. It was 
the first commercial project of its type 
to put a satellite into Earth orbit on 28 
September 2008. 

In the meantime, SpaceX began 
work on the Dragon capsule concept in 
2004. A year later, NASA announced 
its intention to fund private companies 
to build spacecraft to resupply the 
International Space Station (ISS). 
Under this Commercial Orbital 
Transportation Services (COTS) 
development programme, SpaceX 
was awarded $278 million USD (£175 
million) as ‘seed money’ to develop the 
Falcon 9 rocket. 

In December 2008, NASA selected 
the Falcon 9 and Dragon spacecraft 
combination to resupply the ISS under 
a $1.6 billion (£1 billion) Commercial 
Resupply Services (CRS) contract. 

This would pay for 12 resupply 
missions that will take at least 20,000 
kilograms (44,000 pounds) of cargo. 
Further funding was promised for any 
additional missions. 

A boilerplate version of Dragon was 
launched at Cape Canaveral, Florida 
on 4 June 2010. This tested how 
well the Falcon 9 rocket performed 
and evaluated the effectiveness of 
the Dragon design. After 300 orbits 
the capsule re-entered the Earth's 
atmosphere on 29 June 2010. 

The NASA COTS schedule called 
for the launch of the first Dragon 
demonstration flight to occur in late 


2008. However, development delays 
meant that it wasn’t launched until 

8 December 2010, when a Dragon 
spacecraft was sent into Earth orbit. 
After two orbits it successfully 
re-entered the Earth's atmosphere and 
splashed down in the Pacific Ocean. 
In itself this was a historic event, as 

it was the first time a commercial 
company, as opposed to a government 
space agency, had launched, orbited 
and recovered its own spacecraft. 

The next Dragon demonstration 
mission was planned to rendezvous 
with the space station and the third 
mission would actually rendezvous 
and dock with the ISS. After some 
discussion, NASA gave approval to 
SpaceX to combine the two missions 
so that the next Dragon could dock 
with the ISS. A series of engineering 
tests and other delays meant that 
instead of launching in the summer of 
2011 or early 2012, it actually lifted off 
from Cape Canaveral on 22 May 2012. 
As it rendezvoused with the ISS on 
25 May 2012, the station's Canadarm2 
robotic arm grabbed it and enabled it 
to berth with the ISS. After supplying 
the ISS with a few essentials, it 
undocked and splashed down in the 
Pacific Ocean on 31 May 2012. 

After that mission, the Dragon 
officially entered the CRS programme. 
The next mission was launched on 
7 October 2012. As it was grappled 
and berthed with the ISS'’s Harmony 
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module, NASA's commander Sunita 
Williams said that it “looks like we've 
tamed the Dragon.” The ‘craft delivered 
crew supplies, vehicle hardware, 
experiments and an ultra-cold freezer 
for scientific samples. It returned to 
Earth on 28 October 2012 with 758 
kilograms (1,700 pounds) of cargo. 

Three further missions to resupply 
the ISS are planned and these will 
include using the trunk compartment 
of the Dragon. However, other exciting 
plans include the development of 
a Launch Abort System and a life- 
support system that would enable 
SpaceX to send manned missions into 
orbit and to the ISS in 2015. 

For longer missions the DragonRider 
would be able to carry seven crew 
members and be capable of docking 
with the ISS for 180 days or more, 
and it could also incorporate a launch 
escape system that can be used to 
land it on the ground rather than 
splashing down in the ocean. 

Unmanned DragonLab flights are 
also planned for 2014 and 2015 that 
will be able to carry pressurised or 
unpressurised payloads into orbit, 
and beyond the immediate horizon 
there are ambitious plans to use the 
Dragon capsule as an unmanned Mars 
lander ‘craft. The RedDragon would be 
capable of delivering 998 kilograms 
(2,200 pounds) of payload to the 
surface and could search for water and 
signs of Martian life. @ 
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® Hatch 


® Sensor bay 
The door of this unpressurised compartment opens 
after it enters orbit and closes before re-entry. 
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Trunk ®@ 
This unpressurised 
14m? (490ft?) volume 
compartment carries 
additional cargo. It 
can be enlarged to 
a volume of 34m? 
(1,200ft?). 


Inside the capsule 







® Solar array 

There are two articulated 
solar arrays, each with 
four solar panels. 





Docks with the 
International 
Space Station 
using a Passive 
Common 
Berthing 
Mechanism 







Pressurised ® 
compartment 
In cargo mode 
this is fitted with 
a modular rack 
system to carry 
standard-sized 
payloads. 

















The Falcon 9 is a two-stage rocket that 
was specifically developed to launch 
the Dragon space capsule. It measures 
69.2m (227ft) high and has a diameter 
of 3.6m (12ft) and can carry payloads 
of 1,360-6,800kg (3,000-15,000Ib). 
The first stage is powered by nine 
Merlin 1C engines that produce a 
thrust of 600,000kef (1,320,000lbf) 
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‘The Dragon space capsule 
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The International Space Station's Canadarm2 robotic 
arm grabs the Dragon capsule and manoeuvres it to 


dock with the station’s Harmony module 


Nose cone ® 


The nose cone protects the capsule 


during launch and is jettisoned 
before entering Earth orbit. 


® Thrusters 

Nitrogen tetroxide/ 
monomethylhydrazine 
propellant provides 
4Okgf (9Olbf) of thrust 
to 18 thrusters, to carry 
out orbital manoeuvres. 






® Service module 
Contains computers, 
guidance navigation 
equipment, eight 
propellant tanks and two 
pressurant tanks. 


Falcon 9 rocket 


at lift-off with a burn time of 170 
seconds, while the shorter second 
stage is powered by a single Merlin 
engine. It has a burn time of 345 
seconds and can be reignited for two 
extra burns. 

The Merlin engines draw upon the 
legacy of the rocket engines produced 
for NASA's Apollo programme, and 








Pressurised @ 
compartment 
This section has 

a volume of 10m? 
(353ft?) and is 
pressurised to enable 
it to carry specialised 
payloads or up to 
seven crew members. 


















Heat shield 
Backed by SpaceX 
Proprietary 
Ablative Material 
(SPAM), this is the 
best heat shield 
currently available 
for space capsules. 
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incorporate numerous safety features. 
At launch, the rocket is held down 
when the first stage is ignited and 

it is only released if everything is 
working correctly. If there is a fault the 
engines are shut down and the rocket 
is drained of propellant. After launch it 
can successfully operate even if one of 
the first-stage Merlin engines fails. 
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~ SATUR 


Written by Shanna Freeman 


rn breathtaking and complex ring system, moons that might 
have the capacity to support life and awesome storms 

that rage at over 1.:000mpnh. There's good reason why this 
beautiful planet is called the ‘jewel’ of the Solar System 
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Gas giant Saturn is the second-largest 
planet in the Solar System behind 
Jupiter and the sixth planet from the 
Sun. As such, it is the most distant 
planet that is easily visible with the 
naked eye from Earth. From here, it 
looks like a bright yellowish point. 
That doesn't mean that you'll be able 
to see the rings, though; you will need 
at least some strong binoculars if you 
hope to see them. 

Saturn is more than 95 times more 
massive than the Earth, although it 
has just one-eighth the density. In fact, 
with a density of just 0.687 grams 
per cubic centimetre (0.397 ounces 
per cubic inch), it is less dense than 
Water, Meaning that it would float in 
an ocean if there were one big enough 
to hold it. Saturn is often compared to 
Jupiter; the two planets have similar 
compositions, and both have systems 
of cloud bands with storms that 
take place on the surface - although 
Jupiter's dark areas are much darker 
and its storms are much more frequent 
and severe than Saturn's. It’s almost 
like Saturn is a smaller, blander version 


Saturn's orbit 


Bottom of the rings @ 
Our view of Saturn's rings 
changes depending on 
where it is located in its 
approximately 29 year 
orbit around the Sun...” 


eau 


The view from Earth does not 
show the full extent of Saturn's 
fone area me 
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of Jupiter - but then there are those 
fascinating rings. 

Saturn has become known as the 
‘jewel’ of the Solar System for its 
appearance. But it didn't gain that 
moniker until we began to learn about 
the rings. Italian astronomer Galileo 
Galilei used a telescope in 1610 and 
spotted what we now know as Saturn's 
ring system (although Christian 
Huygens was the first to identify them 
as actual rings). The planet has nine 
rings and three arcs, with two different 
divisions. They might have originated 
with some of the nebulous material 
left over from Saturn's formation, or 
the rings could have come from a 
moon that got too close to the planet 
and disintegrated. Most researchers 
believe that the rings can't be as old as 
Saturn itself. 

Some of the planet’s 62 moons have 
Serious impacts on the rings, either 
contributing to the matter within 
them or helping to shape them with 
their own gravitational pulls. Most of 
Saturn's moons are so tiny that they're 
less than ten kilometres (6.2 miles) 


in diameter, but some of them are 
unique in the Solar System. Titan, for 
example, is the biggest, comprising 
approximately 90 per cent of the mass 
around the planet and is larger than 
Mercury. It's also the only known 
moon to actually sport an atmosphere, 
while Saturn's moon Rhea might even 
have rings of its own. 

On average, Saturn is 1.4 billion 
kilometres (890 million miles) away 
from the Sun. It receives approximately 
one per cent of the sunlight that 
we get here on Earth. Saturn has an 
extremely slow orbit, taking around 
29.5 years to complete one. This 
means that although the planet's tilt 
gives it seasons during the rotation, 
each of these seasons are a little more 
than seven years long. Because of 


the rings, the seasons give us very 
different views of the planet from 
Earth - they might tilt ‘up’, ‘down’, or 
on the same plane as Earth depending 
on where Saturn is located in its orbit 
(which means that they can seem to 
disappear unless you'Te using a very 
powerful telescope). 

But how long is a day on Saturn? 
We aren't entirely sure. The haze and 
clouds keep us from being able to 
directly view the surface of the planet 
using telescopes or probes, and we 
know that the clouds generally orbit 
at a constant speed so we can't use 
variations to make that determination. 
In 1980, the Voyager 1 space probe 
took readings of radio emissions from 
the planet to measure the rotation of 
the planet’s magnetic field, and gave 


“Saturn is more than 95 times 


more massive than the Earth, 
although it has just one- 
eighth the density” 


® Straight-on view 
Every 13 to 16 years, the 
view of Saturn's rings is 
a thin line, because from 
; Earth we're looking at 
ae ata | 4 e) 


® Top of the rings 
We see the ‘top’ or upper surface 
of Saturn's rings when the planet is 
tilted towards the Sun. 
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an estimate of ten hours, 39 minutes, 
and 22 seconds. Then, in 2004, 

the Cassini spacecraft returned an 
estimate of ten hours, 45 minutes, and 
45 seconds. 

While six minutes may not sound 
like a particularly big difference, it has 
left scientists puzzled as to whether 
Saturn is slowing down in its orbit, or 
whether something else, such as solar 


wind, is interfering with the emissions. 


It’s most likely to be the latter, 
however, and the current estimate, 
which is ten hours, 32 minutes and 
35 seconds is a composite made up of 
various readings. 

Regardless, it’s a speedy rotation - 
so fast, in fact, that Saturn looks like 
a squashed ball as it spins on its axis 
- and the planet is also appoximately 
ten per cent wider along its equator 
because of this. @ 


Saturn has a little 

more than 95 times 

the mass of Earth, while its 
radius is about nine times that 
of the Earth’s radius 


Seasons and tilt 


Solstices 


Saturn has seasons like Earth, including winter and 
summer solstices (depending on which hemisphere is 
facing the Sun). But they last more than seven years. 
We see the underside of the rings during the winter 


and the topside during the summer. 











Equinoxes 

Equinoxes signal the beginning of 
autumn or spring depending on 

the hemisphere. The seasons and 
tilt mean that during equinoxes the 
rings seem to almost disappear from 
Earth because they're edge-on. 





Axial tilt 
Saturn's tilt on its axis 
is about 26.7 degrees, 
very close to Earth's 
23.5-degree tilt and 
rendered easy to see 
because of its rings. 
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5 14 billion km (890 million miles) from the Sun on average, and 1.2 billion km (/46 million miles) from Earth 
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Mimas 

"That's no 
moon!" But 

in this case it 

is. Mimas is 
known for its 
appearance, 
which is similar to 
the Star Wars Death 
Star because of an extremely large 
impact crater (140km or 87 miles in 
diameter) in its northern hemisphere 
known as Herschel. It is a heavily 
cratered planet with a surface area that's 
about the same as Spain's. 





Enceladus 
Enceladus is the 
sixth-largest 

moon of Saturn 
and is believed 

to have ice 

water under its 
frozen surface. 

The moon is unique 
because it's one of just three in the Solar 
System that has active eruptions - in this 
case, gigantic ice geysers that shoot out 
into space. This water ice contributes 

to the matter in Saturn's rings as well as 
falling as snow on the moon itself. 








Titan 

The largest 
moon of Saturn 
is particularly 
interesting as 
it's the only 
moon in our Solar 
System known 

to have an actual 
atmosphere around it. While we could 
obviously never live on Saturn, some 
think that Titan is a viable option for 
colonisation in the future or even for 
extraterrestrial life. The moon also has 
liquids on its surface, a feature so far 
found only on Earth. 
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Sixth planet from the Sun and 
second largest in Solar System 
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Satur inside @ 
and out 


Saturn is often compared with Jupiter, but it can hold its own 


Saturn is one of the gas giants 
because it has no solid surface and 

it's mostly composed of gas. But it 
does have a rocky core, which is 
Similar in composition to the Earth's. 
Comprising iron, nickel and silicate 
rock, it is estimated to be somewhere 
between 10 and 20 times the size of 
the Earth's core. Surrounding the core, 
there's a layer of ice made of ammonia 
and other elements, then a layer of 
highly pressurised metallic hydrogen, 
and finally molecular hydrogen that 


Data from the Cassini spacecraft revealed 
that Saturn has explosions of plasma that 
shoot out around the planet 


changes from a liquid to a gas. The 
outer layers of the planet are different 
types of ice, including ammonia, 
ammonium hydrosulphide and water. 
The cloud cover is mostly coloured 
yellow by ammonia, and there's a mild 
weather system. Density, pressure and 
temperature all increase as you pass 
through the atmosphere and into the 
core, resulting in a very hot interior at 
about 11,700 degrees Celsius (21,000 
degrees Fahrenheit). Saturn sends out 
more than twice as much energy as it 





The magnetic 
CARS kV 


Solar wind ® 
Solar wind is deflected by 
Saturn's magnetic field, 
creating the second-largest 
magnetosphere in the Solar 
System (Jupiter has the largest). 


Trapping region @ 
The charged particles coming 
from the solar wind are trapped 
around the planet and its moons. 


Neutral sheet @ 
The region between the north and 
south lobes of the magnetosphere 
is a highly charged, concentrated 
ic) ke) me) ee 


54 























receives from the Sun. Some of this is 
due to gravitational compression, but 
we aren't sure if that can account 
for such a huge energy output. 
One possibility is an interaction 
between helium and hydrogen in 
the atmosphere, which may put 
out heat in the form of friction. 
Saturn has a magnetic 
field 578 times stronger than 
Earth's. Scientists believe that 
the metallic hydrogen layer 
generates an electric current that 
is responsible for the magnetic 
field, called a metallic-hydrogen 
dynamo. The magnetic field is a 
dipole, with north and south poles. 
Aside from the rings, one of the 
most interesting features of Saturn 
is its auroras. These beautiful light 
displays have been captured at both 
the north and south pole regions by 
the Hubble Space Telescope and the 
Cassini probe, and appear as circles of 
light around each pole. @ 


~ -Lobes , 
The magnetic field of the 
magnetotail’s northern 
Obe points away from the 
planet, while the southerny 
lobe’s magnetic field 
SoTL Mali 
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Magnetotail © 
The magnetotail stretches out 
m™, hundreds of times the length 


of the planet and’@omprises 
trapped ion particles. 
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The atmosphere 
of a gas giant 


cla ees nee & Stratosphere 
This upper level is 
warmed by the Sun. 
The temperature 
here varies 
depending on the 
weather below. 
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® Troposphere 
The outer 
atmosphere 
comprises about 
96.3% hydrogen 
and 3.25% helium, 
with traces of 
other elements. 
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® Ammonia ice 
Pure ammonia ice 
clouds sit under the 
troposphere, which 
is at 0.5 to 2 bars of 
pressure and -173°C 
Se PAPRRPE RECO CERT SEL TEE 100km to -113°C (-280°F 

to -171°F). 








© Ammonium 
hydrosulphide ice 
With a pressure 

of 3 to 6 bars and 
temperatures of 

17°C to -38°C (62°F 

_ iastearee en seein hi eeoen pci -200km to -37°F), the ice 
clouds are ammonium 
hydrosulphide. 


® Water ice 
Temperatures in 

this level drop to 
-88°C to -3°C (-124°F 
to 26°F) and the 
pressure is greatest 
at 10 to 20 bars. 
















® Rocky core 

The core is likely primarily 
iron and, although small, 
very dense. 


® Ice 

This isn't water ice as we know 
it, but a mixture of ammonia, 
methane, hydrogen and water. 


ie : oy ® Liquid metallic hydrogen 
ae The hydrogen at this depth is 

under such high pressure that it 

transforms to a metallic state. 


Liquid metallic ® 
hydrogen 


Ice ® 











This image shows one of Saturn's auroras - loops of light that 
occur when gases in the upper atmosphere are excited by 
electrons in the planet's magnetic field 


\ 


® Molecular hydrogen 
This layer of hydrogen is liquid 
that transitions to a gas as you 
get closer to the atmosphere. 





Rocky core ®@ 
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Tn the clouds 


Saturn's atmosphere has some similarities to Jupiter's 


The composition of Saturn's clouds 
depends on where you are in the 
atmosphere. The pressure increases 
and temperatures drop as you travel 
AUbaHBloJeRe Coy) nmasbcelerdpmantem ch oKs 
and towards the planet's core. At 
the upper cloud layer, the clouds are 
made up of ammonia ice, followed 
by water ice clouds with a layer of 
ammonium hydrosulphide ice mixed 
in, and then the bottom layer is 
ammonia mixed in water droplets. 
Much like fellow gas giant Jupiter, 
Saturn has bands of clouds that are 


All About Saturn 


divided into zones and belts. The 
zones are the lighter-coloured areas 
and the bands are darker, with the 
orange and reddish hues coming from 
sulphuric compounds. The darker 
clouds tend to be thinner and lower, 
while the lighter ones are denser 

and higher. The bands of clouds are 
ineebablae WISN Comcr DON CoM eh MUST Lee LUIS) es 
PILcm t-lplol Ice Meee) Kennarmcomanlciis 
locations in the northern or southern 
hemisphere of the planet. However, 
Saturn's cloud bands are very faint 
and more difficult to distinguish 


from each other than Jupiter's. They 
also widen as they head towards the 
equator. We weren't able to clearly see 
the distinctions between some of the 
fainter bands until the Voyager probes 
ia Ce\ Val baer debe s Melb Nan erom a elom Nts pla (ors 
(although modern telescopes are able 
to see them). 

Again, like Jupiter, Saturn has 
wind jets that alternate westwards 
and eastwards out from the equator. 
But Saturnian winds are fast. In fact, 
reaching maximum speeds of around 
1,800 kilometres per hour (1,120 miles 


per hour), they are the second fastest 
winds among the Solar System's 
planets after Neptune's. 

Se lHUl GOI omar Moyen om BENLeIerT| 
qualities at each of its poles. The 
north polar vortex has a unique 
hexagon-shaped cloud pattern, with 
straight sides estimated to be about 
13,800 kilometres (8,600 miles) long, 
and it appears to rotate at the same 
speed as the interior of the planet. 
Scientists are unsure why the clouds 
have formed this particular pattern. 
The south pole doesn't have the same 
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kind of cloud patterns, but it is much 
warmer than the rest of the planet 
and is believed to be the warmest 
spot on Saturn. 

There isn't a particularly strong 
weather system on Saturn - it’s 
generally very mild. However, there 


are the occasional storms that show 
up as white spots. In 1990, the 
Hubble Space Telescope managed 

to capture a massive storm near the 
planet’s equator that was not present 
during the Voyager encounters. This 
was an example of what is known 

as a Great White Spot (named after 
Jupiter's Great Red Spot). This mass 
of clouds occurs every 30 years or 
so, or roughly once every Saturnian 
year. The Cassini mission also spotted 
a storm in 2006 near the planet's 
south pole, which looked a lot like a 
plelaelectelMeeMOrlademn 
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This infrared image from Cassini shows 


a close-up of the swirling clouds on 
Saturn's banded planetary surface 


—_ 











The ring 


system 


The feature that makes the jewel 
of the Solar System shine 


Although Saturn isn't the only planet 
in our Solar System with a system of 
rings, it’s the only one with a system 
this big. There are billions of tiny 
particles, mostly ice but with some 
rocky material, too. Despite the fact 
that they increase Saturn's brightness, 
we weren't even aware of its ring 
system until Galileo observed them 
via telescope. He was confused a few 
years later when the rings seemed 

to disappear, not knowing that they 
just weren't visible with his telescope 
when the Earth is on the same plane 
as Saturn. By the 1800s we knew that 
the rings were just that - not moons, 
not a single disc, but many rings 
comprising tiny particles. 

Saturn's ring system is divided into 
rings, arcs, divisions and gaps. The 
first seven rings to be discovered 
were designated with letters of the 
alphabet A through G, but they were 
named in order of discovery so from 
innermost to outermost ring they 

are D, C, B, A, F, G and E. Three other 
named rings have been discovered 
since Ring G, but these are named 
after the moons that orbit with them: 
Janus, Epimetheus, Pallene and 
Phoebe. In addition to the rings, there 
are two ring arcs, incomplete trails of 
dust ejected by the moons Methone 
and Anthe kept in arc formation via 
resonance with two other gaps. There 
are also two divisions - the Cassini 
Division, between Rings A and B, and 
the Roche Division, a space between 
Rings AandF. @ 


A Ring 

This ring is the outermost of Saturn's 
large, bright rings. It has a width of 
14,600km (9,000 miles). There are two 
gaps within it as well as numerous 
tiny moonlets. 

B Ring 

B Ring is the brightest and most 
massive ring and has a width of 
25,500km (15,800 miles). While it 
doesn't contain any gaps, it does have 
a wide variety of materials that result 
in ringlets both bright and dark. 

C Ring 

This ring is mostly transparent and 
faint despite its width of 17500km 
(10,800 miles). It has two gaps with 
each containing a ringlet. 

D Ring 

The D Ring is the innermost ring and 
only 7,500km (4,600 miles) wide. It's 
also very faint and difficult to see. 

E Ring 

The outermost ring, the E Ring 
contains smaller ice particles than 

the others. It is 300,000km (186,000 
miles) wide. 

F Ring 

This ring is known as the most active 
of Saturn's ring system. It has one core 
ring with a spiral ring coiling around it 
that is strongly affected by the orbit of 
the moon Prometheus. 

G Ring 

The G Ring is halfway between rings 
F and E, with a very bright inner 

edge that contains a moonlet called 
Aegaeon, which is probably the source 
of the ring’s ice particles. 








Colombo Gap Maxwell Gap Huygens Gap 
This gap, in the inner C Ring, Situated within the outer Found at the inner edge of the 


contains a ringlet of its own called C Ring, the Maxwell Gap Cassini Division, this gap contains 
the Titan Ringlet (named because also has a ringlet, but it's a dense ringlet with an unusual 
it is in orbital resonance with the not circular and contains structure caused by resonance with 
moon Titan). wavy structures. the moon Mimas. 
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Cassini Division 
Located between the 
A and B rings, this 
apparent gap actually 
contains darker- 
coloured ring material. 
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Encke Gap 

This gap is located within the A 
Ring, and its existence is due to the 
moon Pan orbiting inside. Encke also 
contains small ringlets and has spiral 
density waves. 





Keeler Gap 

The moon Daphnis is 
responsible for this gap 
located in the A Ring. 
Daphnis also creates waves 
around the gap's edges. 


All About Saturn 


Saturn by 
numbers 


Fantastic figures and surprising 
Statistics about the ringed planet 





Saturn's magnetic field is 578 times 
more powerful than Earth's 


O22 


Saturn and Jupiter together YVEc rings seem 
comprise about 92 per cent ©. 4isappear about every 

14 years or so due to the 
of the planetary mass of the fact they're so thin and 


Solar System we see them edge-on 


A person weighing SO.0Okg (176.37Ib) on 
Earth would weigh 85.10kg I8761lb) on Saturn 


A Saturn 1s 1/8th as dense as 


If the Earth had rings Earth, so light that if there 


that spanned as wide were an ocean big enough 
as Saturn's, the rings to hold it, it would float 
would be 75 per cent of 

the way to the Moon 


Saturn is twice 
as far away 
from the Sun 
as Jupiter is 
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aturnian 


exploration 


This ringed gas giant and its system 
of moons still has much to reveal 


Saturn has been observed since ancient times, and 
the invention of telescopes allowed Galileo to first see 
the planet's rings in 1610. When we began exploring 
Space, a mission to Saturn was high on the list, and 
we've sent spacecraft there four different times over 
the decades. And except for the Cassini-Huygens 
probe, which had Saturn as its main focus, all of 

the explorations of Saturn have been flybys with 
missions that included other planets. Three of the 
missions were helmed by NASA, with the Cassini- 
Huygens spacecraft as a joint venture between NASA 
and the European Space Agency (ESA) and Italian 
Space Agency (ASI). It was first encountered by 
Pioneer 11 in September 1979, which passed about 
21,000 kilometres (12,000 miles) above Saturn's 
cloud layer. Although it returned the first images 

of Saturn from space, these images were too low- 
resolution to make out a lot of surface features. 


a (oyata eB 
launched in 1973, 
VET Usenet ett 
spacecraft to fly 
past Saturn 


Voyager and Cassini 





However, Pioneer 11 did make some important 
discoveries about Saturn, such as the existence of its 
F Ring. In the next few years after Pioneer 11's visit, 
Voyagers 1 and 2 provided more detailed images and 
information on their own flyby missions. 

Saturn then lay unexplored by probes until Cassini 
in 2004. The Cassini spacecraft is still going - it’s 
on its second extended mission, called the Cassini 
Solstice, so named because the probe will plunge into 
the Saturnian atmosphere around the time of the 
northern summer solstice in 2017. There are currently 
no planned future missions for Saturnian exploration, 
although several have been proposed specifically 
to explore Titan and follow up on the data received 
from the Huygens probe. Unfortunately, they've 
either been scrapped in favour of other missions, 
or have yet to receive funding due to the budgetary 
constraints of NASA, the ESA and other space 
agencies. But work is still being done so that we'll 
be ready when we do return to Titan. As of January 
2012, NASA researchers were testing technologies in 
a remote lake in the Andes Mountains, which could 
be useful in exploring Titan's lakes. @ 


“Except for Cassini, 
all explorations 
of Saturn have 
been flybys” 


Cassini has discovered 
seven new moons 


The Voyager 1 probe launched on 5 September 1977 with a mission to study 
the outer Solar System, including performing a flyby of Saturn. It encountered 
the planet in November 1980 and sent back the first high-resolution images 
of Saturn as well as its rings and moons. The probe came within 124,000km 
(77,000 miles) of the planet's surface. Voyager 1 also closely approached Titan 
and sent back details about its atmosphere. Its sister probe, Voyager 2, also 
flew by Saturn in 1981. It returned temperature, pressure and density levels, 
and sent more close-up images of Saturn and its moons back to Earth. 
Cassini-Huygens, launched on 15 October 1997 is a probe with a mission 
to study the entire Saturnian system. It has been there since 2004 and has 
discovered seven new moons. The Huygens probe was inserted into Titan's 
orbit and landed successfully on the moon on 14 January 2005. Cassini is still 
orbiting Saturn and conducting flybys of Titan and Enceladus. 
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Its thick atmosphere 
makes Saturn's largest moon, 
Titan, hard to photograph 





Saturn's fourth-largest moon, Dione, 
has a heavily cratered surface 





Voyager 1 continues to transmit data 
more than 35 years after its launch 
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and satellite systems; investigate 
the asteroid belt; explore the ; i 
interplanetary medium 

Findings: Discovered Saturn's 

F Ring; discovered the moon 
Epimetheus; recorded Saturn's 
CeJOBNDLoIR- ION cee Lae DOM NYLc) eI ome) 
-180°C (-292°F); provided first 
images not taken from a telescope; 
showed that Saturn has a liquid 
hydrogen atmosphere 


Soy lr lifoya maar 
The Pioneer spacecraft were 
launched aboard a three- 
3) fF4oM (1 (eSB ATOPY 
1a e-(ol gale MaMa ee 


® Asteroid-Meteor Detector 
Uses four Ayala telescopes 
to look for distant asteroids and 
meteors via their dust particles. 


® Imaging Photopolarimeter 
Captured images via telescope in 
narrow strips as the spacecraft 
swept along the planet, which were 
then put together into oné image. 


“There are ena Ke lek 
_no plans for further 
_ exploration of Saturn” 
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The impactor will hit the 
asteroid at a speed of about 
10km/s (6.2 miles/s) 


Asteroid 

This particular mission is 
designed for an asteroid 
measuring about 500 metres 
(1,640 feet) in diameter. 


The orbiter will study the 


oh asteroid prior to any strike 


Failure is not an option 

If the impactor fails to 
significantly alter the asteroid's 
path, an automatéd lander will 
ascertain whether a coupling 
device could be attached to the 
Ula rele om ae Ree niin Amn (e)e B 


a 











Real-life Armageddon 


eo "Tt will be left on a ballistic 
en 8-1 (—el Co) a YAR eS) orom d olomsd eka ATs 
- Of the asteroid to accelerate 


on a collision course” 
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lan ercleveys 
The impactor will have no 
moving appendages, such 

» 9 as solar arrays or antennas, 

¥ ogee mare LL 

a precise target location on 

the asteroid. 


s , © Orbiter 

“+ > Ao After the impact the orbiting 
Ce ae: a spacecraft will remain 

=p: in orbit to measure the 


deflection caused by the 
impactor and continue to 
study the asteroid. 


od 
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Focus on The Ant Nebula 
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This giant space ant could provide clues to the fate of our Sun 


Planetary nebula Menzel 3 (Mz 3), known as the Ant 
Nebula due to its resemblance to the small insect, 
is up to 8,000 light years from Earth in the Norma 
constellation. It should be noted that ‘planetary 
nebula’ is a misnomer; Mz 3 is actually the result of 
a dying star, but the ‘planetary’ moniker stuck for 
these sorts of structures after they were incorrectly 
classified by astronomer William Herschel in the late 
18th Century. 
This bizarre nebula’s similarities to an ant can be 

seen in the accompanying image. The ‘head’ is on 

’ the left, the ‘thorax’ is to the right and the ‘legs’ are 


or 


anaes seen JU Kcr NeBDASToMOLUL Mp eKe)ONMUS(owOLc1B]bNe- Mu ab ceyeel 
its ‘head’ to the end of the ‘thorax’ the Ant Nebula 
Spans an entire light year across. At the centre of 
the nebula is a star in the last throes of its life that is 
ejecting material into the surrounding space. 

In such an instance, it would be expected that 
the material would be flung in a spherical manner, 
but the cause of the odd symmetrical shape of the 
Ant Nebula is puzzling. The predominant theory 
is that the dying star is in a binary system with 
a companion at a distance comparable to that of 
the Earth and Sun, with the other star sweeping 


the material into the ‘ant’ shape. Another theory 
suggests that the strong magnetic fields of the dying 
star are directing electrically charged gas moving at 
1,000 kilometres (600 miles) per second along the 
magnetic field lines to produce the ‘ant’. 

The Ant Nebula’s central star is thought to be 
very similar to our own Sun and, because of this, 


astronomers are hopeful that by understanding what 


exactly is going on at the heart of Menzel 3 they 
may be able to predict what will become of the Sun, 
and indeed the Earth, in the distant future several 
Oe e MV ccNBaCO nme | 
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i The Ant Nebula 


= 





Www.spaceanswers.com J 65 





. . 


Youre only seconds 
ce NA ROMA Ole ls 


favourite magazine 
GreatDigitalMags.com 


Over 900 magazines and 
Dookazines, for every device, 
trom one great website 









(a et f Digital tas. of ua 


ee eae 


iT 













VES Miami 
GreatDigitalMiags.com 








Tipit: boke:. 


Lote Tio 


of ai . | Pat mr | 
re i Be ee As — = ie oo fw 

! Aiea sail hy as als i " oe 7 | | ed, = ea 

‘| i / | C7 "| Crd = le m i a a? La 
d i ai “a, 1 rd. - — 4 ‘= Kf | 

: 
f al 
o 


See eS Say @ iTunes » Google play 
’ 


, — amazon zinio” 
Save Wa m7 kobo 
Toto ae Sm UV Waterstones 


40% Ji \we = 
off regular print | wy | iC; Choose a digital 
——— magazine or book 











BICmtlioom eae) el 
favourite store 













Purchase in-store, 














YOUR QUESTIONS 
ANSWERED BY 
OUREXPERTS | 


the National Space Centre | ae 
www.spacecentre.co.uk “=== 







Sophie Allan 
— National Space 

Academy Education 

Officer 
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_ Astrophysics at 
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planetary science. 
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Can we artificially 
create a black hole? 


Guy Iles 

In theory, to make a black hole all 

we would need to do would be to 
compress a huge amount of matter 
and energy into a tiny amount of 
space. In practical terms, however, this 
is incredibly difficult. 

There is much disagreement about 
the minimum size a black hole can be, 
and standard physics offers different 
answers to more exotic ‘multi- 
dimensional’ physics. 

Einstein said that mass and energy 
are equivalent - you can turn mass 
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very high energy particles smashing 
together could potentially lead to the 
creation of a black hole. However, the 
energy required for this would be 
the equivalent to taking the mass of 
a mountain range and converting it 
into energy. For reference, a nuclear 
weapon only releases the energy of a 
few grams worth of matter. 

So even the Large Hadron Collider 
at CERN, with its particles travelling 
at close to the speed of light will not, 
under standard physics, be able to 








What is the 
celestial 
equator? 


Christian Boley 

You've probably heard of the Earth’s 
equator; an imaginary line that 
runs around our planet which 

rests at an equal distance from 

the north and south poles. Now 
imagine that the Earth is encased 
in a great celestial sphere. In the 
same plane as the Earth's equator is 
a great imaginary circle called the 
celestial equator. Another way to 
think of it is to imagine the Earth's 
equator projected out into space. 

As the Earth is tilted at some 23 
degrees, both the Earth's equator 
and therefore the celestial equator 
are titled at this angle. GL 
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Why do 
galaxies 
collide? 


Anthony McCutcheon 

Anyone who has read up on the 
behaviour of our universe will be 
aware of the fact that the universe 
is expanding. If everything is 
spreading out, how is it then that 
objects such as galaxies can collide 
and merge. Well, the answer is 
relative velocity. The universe is 
expanding at a certain rate. Any 
objects that are moving through 
the universe at a faster rate than 





science and exploration. this can potentially collide with 
into energy and energy into mass - so create a black hole. SA another object. JB 
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Could a man-made 
object survive on Jupiter? 


Brandon Minard 

It is and has been possible but the 
downside is that survival inside this 
gas giant is for a very limited amount 
of time only. NASA was the first to 
put this to the test back in 1995 when 
it launched the Galileo spacecraft, 
consisting of an orbiter and probe. 
Galileo's space probe was released into 
Jupiter's atmosphere at around 48km/ 
sec (30 miles/sec) before being slowed 


Vulcan @ 
It was thought that 


another planet a 


was located here 
between the Sun 
and Mercury. 


z ha 
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down by the gas giant's dense gaseous 
envelope to around O.11km/sec (0.07 
miles/sec) in the short space of four 
minutes. With heat shields protecting 
the probe's scientific equipment from 
the sweltering heat caused by the 
sudden deceleration, measurements of 
Jupiter's atmospheric structure could 
be made for a good 78 minutes before 
the ‘craft was crushed by the planet's 
high pressure. GL 


Is there anything between 
Mercury and the Sun? 


Alan Pooley 

The exact same question was asked 
by astronomers during the 1800s 
after studying Mercury's orbital 
motion around the Sun. French 
mathematician Urbain Le Verrier 
noticed that Mercury’s perihelion - 
the point of closest approach to the 
Sun - advanced a small amount on 
each orbit the tiny planet completed. 
Le Verrier thought that the precession 
could be explained by the existence 
of a small planet between Mercury 
and the Sun and it was here that the 
idea of a planet, dubbed Vulcan, was 
introduced. Despite the attempts of 
astronomers around the world to try 
to find the elusive planet, nothing 
was ever uncovered other than the 
observations of sunspots or even stars 
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which were mistaken for the intra- 
mercurial planet. 

It was not until the early-1900s, 
when Albert Einstein successfully 
proposed the theory of relativity 
to explain the odd progression of 
Mercury's orbit, that the majority of 
astronomers abandoned the search 
for Vulcan. However, some remain 
convinced that objects exist where 
the planet was once sought bringing 
forward the idea of vulcanoid 
asteroids. To date, none have been 
found, with searches ruling out 
asteroids larger than 60km (37 
miles). Even ESA/NASA's SOHO and 
NASA‘s STEREO spacecraft have been 
unsuccessful in detecting a planet 
inside the orbit of Mercury. GL 
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What is the 
most powerful 
telescope? 


Kelly Boehme 

The most powerful telescope in the world is ALMA, the Atacama Large 
Millimeter Array. This particular telescope isn't just one piece of equipment. It 
is in fact a collection of 66 separate telescopes working in perfect harmony. The 
reason we now have groups of telescopes working together is to increase the 
light collection area available. Quite simply the bigger the area, the more detail 
and information can be collected. ALMA has a resolution about five times 
greater than the Hubble Space Telescope, allowing us to capture much better 
images. In fact, it has such incredible power that it can see a chocolate bar held 
by an astronaut on the International Space Station! That is if ALMA could see 
visible light. Before we go snack hunting we need to remember, ALMA can only 
see radio and micro waves. JB 
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Where does a air 
go when it's let 
out 1n space? 


Jeffrey Agnew 

Air in space tends to spread out. This 
is all to do with balancing the forces 
of pressure. Inside a spacecraft or a 
Spacesuit the air has to be kept at 
the right pressure. This difference 
in pressures means we have an 
imbalance that will be resolved. So 
if we do something like open an air 
lock, the high pressure air inside 
starts to spread out rapidly to match 
its pressure to the pressure of space. 
This spreading out also happens at 
the edge of Earth's atmosphere. The 
edge of our atmosphere is the point 
at which the force of gravity on the 
atmospheric molecules balances the 
force of the air spreading out due to 
pressure. At this boundary you can 
have bits of the atmosphere escaping 
off into space. JB 


Stuart Thomas 

If they could, we would all be very 
worried! While some planets have 
boiling hot cores, this is not enough 
to cause a planet to shatter let 

alone suddenly explode. As far as 
astronomers know, there is no internal 
mechanism or other phenomenon 
that could ever cause a planet to fly 
apart. Contrary to science fiction, 
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planets are stable and causing one to 
explode would require some chemical 
or nuclear process which can provide 
an explosive punch of energy. For 
example, to detonate the Earth, a 

ball of uranium with a diameter of 
some three miles at the core would 
be required. While it is impossible to 
kickstart a fusion reaction at a planet's 
core, uranium fission is possible 


Do you see Riera 
phases of the Moon . 
around the fo) aCe Fa 


Brian Baur 

The phases:of the Moon that we see are.caused ne dat 
relative positions of the Sun, Moon and Earth. The phase. 

of the Moon is defined by. tHe proportien of the Moon lit 

up by the Sun that is visible from Earth. Qver the 24-hour. 
period that it takes for the Earth to spin so that all areas can : 


Escared dale \Y (oleya Mas TesceR KILN cB oles (ost MIVolbl eemmrl meee ber 


to see a different-phase of the Moon around the werld. 


However, the Moon does not loék completely identical from 3 


every location on Earth; depending how far’south or north .. 
you are the Moon appears to be rotated. In the northern 
hemisphere the sunlit part of the Moon travels from right to 
left, while from the southern hemisphere the light appears to 
travel from left to right. M'W: 





Only a chemical or 
nuclear process could 
cause a planet to explode 





provided no neutrons are absorbed. 
Of course, in the case of our Earth, 
dissembling its structure against its 
own gravitational binding energy 
would be difficult since its interior is 
teeming with neutrons which would 
stop fission in its tracks. Additionally, 
natural processes alone would not 
be able to create such a pure and 
concentrated ball of uranium. GL 


Northern 
The sunlit part of the 
Moon will travel from 
Wipe (Sam 


meso) elietsae 
Here the sunlit part 
moves from left to right. 


Make contact: @ @spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 
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What would 
happen if 
the Earth was 
a cube? 


Myra Mayer 
All planets in the Solar System are 
spherical. In fact, any significantly 
massive objects are. This is because 
the larger an object is, the greater its 
gravitational force will be, and so as 
mass builds up the pressure of this 
weight causes the majority of the 
material to become liquid, and thus 
a sphere is formed. 

However, let's say the Earth was 
a cube. Gravity would be strongest 
at the centre of each face (since the 
force of gravity increases the closer 
to the centre of gravity). As a result, 
all water, and our own atmosphere 
would be drawn towards the centre 
of the faces. So the edges of the 
Earth would be barren rock with 
no atmosphere, and the centre of 
each face would play host to giant 
oceans and a thick atmosphere, 
each region potentially with its own 
distinct ecosystems. It would be a 
very different planet to our own. SA 


og 


How have space 
technologies helped 
life on Earth? 


Jenny Ashley 


Getting into space is incredibly expensive, and many people question 
whether space travel is genuinely worthwhile. However, what many 
of us don't realise is just how space technologies have affected our 


everyday lives. 


Some objects and techniques developed for the space industry 
have been directly harnessed by society. Memory foam, freeze 
drying, disposable nappies (yes, astronauts wear nappies during space 
walks to prevent inhalation of fluids), infrared ear thermometers and 
firefighting clothing have all directly influenced our lives. 

More vital perhaps is the advancement that space travel brings 
to programming, simulation software and robotics. NASA robotics 
systems have been adapted to provide artificial limbs to a wide range 
of people, and medical research conducted in orbit could yield unique 
and vital results. And advanced computer programs for designing 
Space missions help influence videogames, buildings and cars. SA 
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Neil Reitzel 

When the Earth moves around the 
Sun on its orbit, it is usually pointing 
towards or away from the Sun due 
to its axial tilt. Twice a year, during 
March and September, the tilt of the 
Earth is neither towards or away 
from our Sun - this positioning is 
referred to as the equinox, with the 
northern hemisphere’s vernal or 
northward equinox occurring in the 
month of March and the southern 
hemisphere’s autumnal or southern 
equinox occurring in the month of 
September. During these times of 
the year, the Sun rests at one of two 
points on the celestial sphere where 


What is an equinox? 


Tilt ® 
Mi ateJamuatm el CM aeTidatcle 
towards or away from 
the Earth it's an equinox. 


the celestial equator and ecliptic 

(the path of the Sun on the celestial 
sphere as seen from the Earth's centre) 
cross. The centre of the Sun is exactly 
overhead during an equinox and 

the arrangement of the Earth-Sun 
system means that the nighttime and 
daytime are around the same length 
as the Sun spends roughly the same 
amount of time above and below the 
horizon. The planet's next equinox 
will occur in the northern hemisphere 
on 20 March followed by another one 
in the southern hemisphere on 22 
September, so make sure you mark the 
date in your diaries. GL 
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© How long does it take 
for the Moon to travel 
around the Earth? 
Nearly 28 days (27 days, 7 
hours, 43 minutes and 11.6 
seconds precisely). 


© What's the highest 
number of people that 
have been in space at 
one time? 

Thirteen - on the International 

Space Station back in 2009. 


© Will we be able to see 
the next lunar explorers 
with telescopes? 

It would be very difficult indeed. 

Even the Hubble Space Telescope 

does not have the required 

angular resolution. 


© Are there rogue 
black holes moving 
through space? 
It is currently believed that 
hundreds of these exotic objects 
could be moving through the 
Milky Way. 


© What's the biggest 

planet we know of? 
Exoplanet HAT-P-32b, which is 
bloated to nearly twice the size 
of Jupiter. 


© Can we see black holes? 
We can't see black holes because 
light cannot escape their strong 
gravitational field. 


© Could a planet be as 
big as a star? 

In terms of radius, a planet can 

be as big as, for example, a white 

dwarf but not as big as a star like 

our Sun. 


© Why does everything 
rotate in space? 

Gravity between objects 

causes the spin. The cosmic 

dust which helped to create the 

planets and stars collapsed with 

angular momentum. 


© What are Cepheid 
variable stars? 

These are luminous stars 

which change in brightness by 

expanding and contracting. 
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© Why do some galaxies 
have spirals? 
Density waves that move through 
the gas and stars of a galaxy cause 
an increase in density of gas. 
When the gas clumps together, 
star formation occurs in the shape 
of spiral arms. 


© How many countries 
are building manned 
spacecraft? 

Currently China, Russia and the 

United States. 


© Why are sunspots dark? 
They are cooler than the rest 

of the Sun and so only emit a 
quarter of the light emitted from 
the solar surface. 


© How often do space 
rockets launch? 

It can vary as launch schedules 

change each year. 


© How many satellites are 
in space? 






Barycentre ® 
If the Earth's density 


ola] arom ala a Recl KS 
of gravity between the 


ae 


sun would shift. 


© Mass 
Even halving the mass 
of the Earth would 
have little effect on 
orbital speed. 





If the Earth was lighter 
would its speed change? 


Jeff Hutson 
The Earth orbits the Sun at a speed 


of approximately 30km/sec (18 miles/ 


sec) - fast enough to travel from 
Land's End to John O'Groats in about 
45 seconds. The orbital speed of the 
Earth is governed by the mass of the 


than that of the Sun, even halving the 
mass of the Earth would have almost 
no measurable effect on orbital speed. 
However, technically the Sun and 
Earth orbit a common point, which is 
known as the barycentre - the centre 
of mass of the two-object system. 


Earth, the mass of the Sun and the 
distance between them. With the mass 
of the Earth being so much smaller 


Reo 
What is the 
Southern Cross? 


Nelson Kilkenny 

The Southern Cross is one of the most 
recognisable patterns of stars in the 
southern night sky, and forms part of 


What changing the mass of the 
Earth will do is very slightly shift the 
location of this barycentre. SA 


Currently around 8,000. 




























© How many moons does 
Pluto have? 

Five, although there could be 

more that are yet to be discovered. 


© When is the Orion 
constellation visible? 

It's visible in the night sky during 

late autumn to winter in the 

northern hemisphere and during 

late spring to summer in the 

southern hemisphere. 


ma 


© What is the most aaCeMaovelsrsieisleM Gath eM Matec bl aelciee) 
volcanically active body CoP BORER SSCe TEE eeF 
in the Solar System? not a constellation, as the word 


That would be Jupiter's moon 
lo, which has hundreds of active 
volcanoes on it. 


‘constellation’ applies to 88 specific 
areas of the whole night sky. The 
Southern Cross is made up of the four 
brightest stars within Crux but can 
be confused with the nearby asterism 
called the False Cross. The easiest way 
to be sure you've found the Southern 
Cross is to look for a fifth star under 
the right hand arm of the cross and 
two bright pointer stars (Alpha and 
Beta Centauri) drawing a line through 
the sky which points towards it. MW 


© How much of the Moon 
do we see from Earth? 

We see approximately 59% of 

the Moon. The same face always 

points towards us but it wobbles 

slightly in its orbit, revealing more 

of its surface. 








Does the ISS 
crew have 
access to the 
internet? 


Jessie Harbuck 

Since January 2010, astronauts 
onboard the ISS have had internet 
access. This is mainly to enable 
them to communicate with 

family and friends on Earth so 
their quality of life is enhanced 
during long missions. This access, 
called Crew Support LAN, has also 
enabled them to tweet live from 
Space, whereas previously they had 
to email any tweets to the ground 
where someone else would post 
them on Twitter. To follow updates 
from current ISS crew, find @ 
NASA Astronauts on Twitter. Don't 
expect any classified information 
though, as astronauts have to follow 
the same computer-use guidelines 
as Earth-based US government staff 
are subject to. MW 
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S 
What's 
at the 
centre of 
a galax 
cluster: 


Jamie Delancey 








M87, the supergiant at the 
heart of our cluster 


Our galaxy - the Milky Way - is part of a group of galaxies called the Local Group. 
If we were to take a step away from the Local Group, at a distance of some good 
light years away, we would be able to see that this grouping of galaxies - which 
not only contains our galaxy but Andromeda, the Triangulum Galaxy and various 
dwarf galaxies too - is only a small portion of an even larger cluster of some 1,300 
member galaxies called the Virgo Cluster. At the very centre of this cluster rests 

a supergiant elliptical galaxy known as M87 which is located approximately 53.5 
million light years away. Elliptical galaxies are generally featureless to look at with 
an ellipsoidal shape and a brightness that is concentrated at the centre which fades 
away the further from its core you move. Galaxy groupings like the Virgo Cluster 
are common in the sense that elliptical galaxies can be found at their centre. GL 
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S 
Does the Sun rotate? 


Shawn Boyle 

The Sun does rotate, but not all at the 
same rate. While the Earth takes 24 
hours to do one rotation, whether you 
are standing at the equator or close to 
either the South or North Pole, the Sun 
actually rotates fastest at its equator. 
On the Sun's equator any point takes 
about 26 days to rotate completely 
around the star but as you get close 
to either of the Sun's poles it can take 
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up to 36 days. These measurements 
have been made by using sunspots 

as tracers of the surface and watching 
them turn with the star. Astronomers 
usually work with the rotation rate 

of an area about 26 degrees above or 
below the equator as this is where the 
most sunspots are observed. At this 
latitude, one complete rotation takes 
just over 27 days and this is known as 
a Carrington rotation. MW 
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There's a treasure trove of 
astronomical objects brimming from 
near enough every degree of the 
20,000 square degrees that make up 
the night sky above your head at any 
one time. Standing under a dark cloak 
pitted with a vast number of twinkling 
stars, galaxies and planets along with 
the occasional appearance of the Moon 
and satellites which navigate their 

way through the vast blackness on 
their orbit around Earth, we are almost 
looking out of a great dome-shaped 
window whose fixed constellations 
and stars seem to wheel from east 

to west as our planet pirouettes on 

its orbit around the Sun. As it turns, 
our planet slowly takes these stellar 
patterns out of sight as evenings draw 
on before bringing them back into 
view again the following night. This 
imaginary sphere, which envelops 

our world in a night sky printed 
bubble and stirs awe and wonder from 
amateur to professional astronomer, is 
known as the celestial sphere. 

Of course, as the seasons change, so 
does the night sky and as you gain a 
familiarity with the stars and planets 
you will notice new constellations and 
astronomical objects belonging to our 
Solar System, as well as our immediate 
portion of the universe, creep into 
view from winter through to autumn. 

Stepping outdoors into a clear night 
armed with layers of warm clothing 
and a hot drink as well as an optional 
deck chair (to avoid a sore neck in 
the morning from looking up!), you 
have all you need to learn your way 
around the night sky for your very 
first evening's session. You might not 
realise it, but your eyes alone are a 
wonderful device when it comes to 
taking in what nature has to offer, so 
if youre ready, let's get started at the 
beginning with the celestial sphere. @ 
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Celestial equator 

A great circle on the 
celestial sphere which lies 
in the same plane as the 
sea Wg elect] ate [OT Ke) 
and is tilted at roughly 23, 
degrees to the ecliptic.» ’ 
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Vernal equinox 


When the Sun is at the point 


in the northern hemisphere 
where the celestial equator 
and ecliptic intersect, it 

is called the vernal point. 
Here the March, or vernal, 
equinox occurs. 


South celestial pole 
Only visible from the 
southern hemisphere, stars 
rotate around the dim south 
pole star, Sigma Octantis. 


Measuring the skies 


1 degree 

If you extend your arm and hold out your 
little finger, you can measure the distance 
and apparent size of an object equivalent 
to 1°. A full moon is equivalent to 0.5°. 
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5 degrees 


By stretching out your arm and holding 
up three fingers, you are able to measure 


a distance between objects and an 
object's apparent size equal to 5°. 
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Right ascension (RA) 


The celestial equivalent of terrestrial 
longitude projected on to the 
celestial sphere. Measured in hours 
(h), minutes (m) and seconds (s). 


10 degrees 

Your fist measures approximately 10°. For 
example, if you can stretch out your arm 
and fit your fist between Jupiter and the 
Moon, then the pair are 10° apart. 


ie 





North celestial pole 

The northern point in the sky about which 
all of the stars seem to rotate - around the 
North Star, or pole star, Polaris. 


Ecliptic 

The Sun's path on the 

a celestial sphere as seen if 
“*® * you were at a central point 
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Autumnal equinox 
«. When the Sun is at the point 
_® jnthe southern hemisphere 
a WARM a -Ras(ScelRALelU eves 


F and ecliptic intersect, it is 


called the autumnal point. 
Here the September, or 
autumnal, equinox occurs. 


Declination (Dec) 

Comparable to the geographical latitude 
of the Earth which is projected on to the 
celestial sohere. Measured in degrees (°), 
minutes (') and seconds ("). 


20 degrees 

By holding out your arm in front of 
you and spreading out your fingers, 
you are able to measure a distance of 
approximately 20°. 








Find your way 

In the northern hemisphere hold the chart above 

your head pointing south, and vice versa for the 
southern hemisphere. Orientate the chart with the 
compass points and use a red light to view it. 
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Track the sky 
You'll be familiar with constellations after a 
few nights. To find the planets, learn where the 

ecliptic line is. All the planets, and the Moon, sit close 

to this line, so you'll be able to find them here. 


~~ AWN 


Bees 
Use a compass to orientate 
your star chart with the 
night sky. 


) Celestial poles 
The night sky appears to 
rotate around two poles in 
each hemisphere. 


) Ecliptic 
The Sun, Moon and planets 
will always be found close 
Komdnl eminem 


) Groups 
Most stars can be found in 
constellations or patterns 
known as asterisms. 


Nl 
Star hopping 
Once you've mastered the basics, you can use 
the star hopping technique to find more objects 
in the sky. Find a bright star and use it as a reference 
to locate dimmer deep sky objects nearby. 
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Get started in astronomy N 


Naked eye astronomy 


Astronomy isn't just for people who 
own telescopes and binoculars. 

There are plenty of objects to see and 
identify in the night sky with the 
naked eye. Go outside on a clear night 
and you'll probably already be able 

to name some of the more famous 
constellations, but you might not be 





Ursa Major 

Constellation: Ursa Major 

Right ascension: 10.67h 

Declination: +55.38° 

Also known as the Great Bear, the Big Dipper or the Plough, 
Ursa Major can be seen from most of the northern hemisphere 
throughout the year. The middle star is actually a famous 
double star comprising Mizar and Alcor. Ursa Major is easily 
found in the northern night sky, and the outside of the Big 
Dipper's bowl also points towards Polaris, the North Star, with 
the helpful ‘pointer stars’ Merak and Dubhe. 





The Orion Nebula (M42) 

Constellation: Orion 

Right ascension: O5h 35m 17.3s 

Declination: -05° 23' 28" 

The Orion Nebula is a bright star-forming nebula and is situated 
at a distance of around 1,340 light years away making it the 
closest region of great star birth to Earth. To find the nebula, 
locate the three stars that make up Orion's Belt. From the left 
star of Orion's Belt (Alnitak), move south in the direction in 
which Orion's sword points, hanging from his belt, with the 
nebula visible clearly as a naked eye object at the sword's tip. 
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aware there is so much more waiting 

to be observed with your eyes alone. 
It’s not just stars, though. Planets, 

comets and galaxies are all visible 

to an observer without any fancy 

equipment. Sometimes, seeing 

and identifying an object with just 

your eyes can be a more rewarding 


experience than using a telescope to 
find it. Below we've highlighted four 
great sights you can see while out and 
about on a dark and clear night. For 
things like the Milky Way, you'll need 
to be in an area of low light pollution, 
but find one and the night sky is there 
for you to behold. @ 





The Quadrantid meteor shower 

Constellation: Bodtes 

Right ascension: 15h 28m 

Declination: +50° 

Start the new year with the Quadrantids as they shoot from 
their radiant in the constellation of Bodtes during 1 to 5 
January. On average, up to 40 meteors per hour can be seen 
at the shower's peak on 3 January and through to 4 January. 
Since the Moon's near last quarter will hide fainter meteors 
with its glare, best viewing will be after midnight in a dark spot 
away from light pollution. 


Centre of the Milky Way Galaxy 

Constellation: Towards Sagittarius 

Right ascension: 17h 25m 40.04s 

Declination: -29° OO' 28.1" 

Our galaxy weaves through the night sky as a powdery band 
of light from billions of stars. Because we are a part of it, we 
can only see a portion of our galaxy, which is roughly 100,000 
light years in diameter. Few have seen the splendid view of 
the Milky Way because of light pollution. However, from a dark 
spot, the form of such a huge abundance of stars becomes 
immediately apparent. 








Looking at 
magnitudes 


The brightnesses of stars and other 
celestial objects are measured on 

a Magnitude system. Confusingly, 
the brighter the object, the 

lower the magnitude number. 

A difference of five magnitudes 

is equivalent to a difference in 
brightness of 100 times. 


Magnitude / Objects 
a ™ -27 


The Sun's apparent 
magnitude is -26.8, 
absolute is +4.8. 


-13 

This magnitude is 
4) for when the Moon 
= "S® is full. 






FEN -4.9 


a 


= &. ©) Venus is at its 


brightest during its 
£0 crescent phase. 


-2.9 

Jupiter at its 
brightest and closest 
to the Earth. 


-1.4 

Sirius, the brightest 
Star in the night sky 
visible from Earth. 


O> + 

Canopus and the 
14 brightest stars in 
the sky. 
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+1 >+6 

Altair and 8,500 
other naked- 
eye stars. 


+6 > +8 

Dark nebula and 
other bright deep-sky 
objects (binoculars). 


+6 > +1] 

Bright deep-sky 
objects (amateur 
telescopes). 
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Choosing your 
equipmen 


The hobby of astronomy can be 
bewildering for the beginner without 
advice to guide them. There are 
SO many types of telescope, not to 
mention mounts, eyepieces, filters and 
other assorted accessories that it’s easy 
to rapidly become confused. Hopefully 
though, we can help you navigate 
your way through and make choosing 
the right instrument an enjoyable 
experience rather than a daunting one. 
A lot of people think that to be an 
astronomer you must have a telescope. 
This is far from the truth! The unaided 
eye can show you constellations, the 
Moon, bright planets, even the odd 
galaxy. Binoculars are an inexpensive 
option to increase the range of what 
you can see. The most recommended 
are a pair of 10x50Os, which, with 
a lens diameter of 50mm and a 
magnification of 10x, can show you 
the moons of Jupiter, the craters 
on the Moon, the brightest galaxies 
and star clusters, even the stars of 
the Milky Way. The minimum size 
and magnification of binoculars for 
astronomy is 7x40, which may suit 
older observers - as you age the 
diameter of your dilated pupil shrinks, 
which means some observers will not 
get the benefit that larger diameter 
10x50 binoculars offer. Of course, if 


you decide astronomy isn't for you, 
then at least you haven't spent a 
fortune on binoculars and they can 
still be used for terrestrial objects. 

If you do go for a telescope, the 
most important quality to look out 
for is the aperture diameter, not the 
magnification. Beware cheap ‘toy’ 
telescopes that are small but claim 
‘'500x magnification!’ To see faint 
objects your telescope needs to be able 
to collect as much light as possible, 
and so the wider the aperture (ie the 
wider the diameter of the telescope 
tube), the fainter the object you can 
see. A minimum aperture is around 
100mm for a refracting telescope and 
100-150mm for a reflecting telescope 
like a Dobsonian. Refractors use 
lenses to focus the light; reflectors 
use mirrors. You may also want 
to consider spending a little more 
on a computerised GoTo mount, 
which features a hand controller 
that can direct your telescope to 
any astronomical object you wish to 
have a gander at. A good beginners’ 
telescope should cost between £200 
and £500. They are available from 
reputable dealers such as those that 
are advertised in All About Space 
to manufacturers such as Celestron, 
Meade and Sky-Watcher. @ 


"A lot of people think that to 
be an astronomer you must 
have a telescope. This is far 
from the truth" 


Three great beginner telescopes 


TAL-1OORS (EQ5) Meade StarNavigator 
100mm Refractor 102mm Refractor with 
Cost: £490 ($780) AudioStar 


Supplier: Harrison Telescopes 
Website: www. 
harrisontelescopes.co.uk 
Supplied with 6.3mm and 

j 3 25mm Super Plossl eyepieces, 
this telescope offers sharp resolution views of objects 
including the Moon and planets and will reveal deep sky 
targets. Portable and practical, the TALIOORS features 
engraved aluminium setting circles and manual slow- 
motion tracking controls. 
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Cost: £299 ($480) 

Supplier: Telescope House 
Website: www.telescopehouse. 
com 

__ Learn as you observe with this 
GoTo telescope which features a database of over 
30,000 objects and AudioStar with Astronomer Inside 
digital audio technology, which, with the use of an 
in-built speaker, allows you to listen to interesting facts 
on over 500 celestial objects. 


The most important specification 
fortelescopesisaperture 
i oi ce weg bes Cae 





A minimum aperture is 100-150mm 
for a reflecting telescope 





go iy Meade 8" Lightbridge 
maid Dobsonian 
aa Cost: £499 ($800) 


Supplier: Telescope House 
Website: www.telescopehouse. 
com 

This reflector telescope makes 
finding astronomical objects 

a doddle with its four-reticule red dot viewfinder 

and adjusts to your observing needs with brightness 
controls. With a built-in battery-powered cooling fan, 
this telescope is kept at an ideal temperature even 
when observing galaxies 50 million light years away! 
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Know your mount 








Your telescope @ | 
attaches here 


Alt-Azimuth 


The most basic type of mount allowing up and down 
as well as left and right motion of your telescope. 





| STARGAZER » 
Get started in astronomy 


| Your telescope ® —— 
attaches here 


Equatorial 


By aligning with the North Star (Polaris), the equatorial mount allows 
the user to track the motion of stars about the sky. 


1. Tripod 3. Altitude (Alt) control 3 1. Polar scope 3. Counterweights 


Ensure that you have a sturdy tripod to Moves the telescope up and down : This is used for aligning with the These balance the weight of your ‘scope 
reduce telescope shake. in Declination. : pole star, Polaris. and ensure your setup is stable. 

2. Accessory tray 4. Azimuth (Az) control : 2. Declination setting circle 4. Right Ascension setting circle 
Store filters and eyepieces here for easy Moves the telescope around in a : Used for setting the Declination of Used for setting the Right Ascension 
access when needed. circle about Right Ascension. : an object. of an object. 


These Plossl eyepieces offer a generous field of view along 
with excellent image quality, good eye relief and not to 
mention affordability. High-quality eyepieces such as 
Plossls are essential as they work with a telescope’s main 
mirror or lens to gather light to form an image which is 
then magnified by the eyepiece. The shorter the focal 
length, the higher the power and the smaller the region 
of sky it observes. For example, the 25mm may be able to 
see a greater region of sky but it will have a lower power 
in comparison to the 12.5mm and 7.5mm eyepieces. 
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Orion HighLight Orion HighLight Orion HighLight 

Plossl 25mm Plossl 12.5mm Plossl 7.5mm 

Cost: £53 ($85) Cost: £53 ($85) Cost: £53 ($85) 

Supplier: SCS Astro Supplier: SCS Astro Supplier: SCS Astro 

Website: www.scsastro.co.uk Website: www.scsastro.co.uk Website: www.scsastro.co.uk 
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Beginners’ 
parame 








Meade 10x50 Binoculars 
Cost: £39 ($60) 

Supplier: Telescope House 
Website: www.telescopehouse.com 
Ideal for beginners, these 10x50 
rubber-armoured binoculars are 
regarded as the perfect size for 
astronomical viewing. They deliver 
brilliant astro-image brightness 
due to an efficient ‘light gathering’ 
relationship between magnification 
and aperture. 





Celestron Nature 8x42 
Porro Binoculars 

Cost: £75 ($120) 

Supplier: The Astronomy Centre 
Website: www.astronomycentre. 
co.uk 

These water and fog-proof 
binoculars feature twist-up eyecups 
and rubber covering for added 
protection for the optics. For extra 
versatility these 8x42 binoculars 
can also be fitted to a tripod. 





Canon 10x30 Image 
Stabiliser (IS) Binoculars 
Cost: £339 ($544) 

Supplier: Ace Cameras, Optics & 
Astronomical 

Website: www.acecameras.co.uk 
With a compact, lightweight 
design and a rounded shape 

for comfortable handling, these 
binoculars from Canon feature 
Image Stabilisation technology to 
keep your images crystal clear. 
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Your first night 


On stepping from a well-lit room to 
your spot under the stars, you might 
notice that you can't see much at 

first. The stars that you do see are the 
brightest and so your eyes do not need 
to adjust very much to collect light 
from them. The faintest, on the other 
hand, stay hidden until your pupils 
adapt to night vision. This can be a 
problem especially when you want to 
look at a star map or a planisphere and 
using a dazzling torch can be more of 
a hinderance than a help! Your eyes 
react to white light more than red 
light, so whether you're hunting for 
your ideal telescope, binoculars or are 
just planning on unaided observing, 
add a red light torch to your shopping 
list. You can pick them up from many 
astronomy instrument dealers. 

To get the best views possible, you 
need to take care where you place 
your telescope. A stable surface is 
essential, so that rules out bumpy 
lawns. Concrete provides a stable 
surface but it also retains heat that has 


built up during the day and, as a result, 


this warmth is emitted at night - this 
creates air currents that can cause 
shimmering images through your 
telescope. Remember if kept indoors 
before use, your telescope also needs a 


good half an hour to cool down to the 
ambient temperature outdoors. __ 

Pick a spot with a good 
southern view. The 23 degree 
tilt of the Earth means that 
more can be seen towards the 
south than the north from UK 
latitudes. Have an idea of what you 
want to view before you go outside 
- this will help direct your evening's 
observing and if you have taken the 
time to print off sky charts or find 
charts in books or magazines like this 
one, it will speed things up. 

Don't expect too much from your 
first night. Forget notions of seeing 
things like what the Hubble Space 
Telescope sees through your telescope 
- there’s a reason why deep sky objects 
like galaxies and nebulas are called 
faint fuzzies. However, there are things 
you can do to make these faint objects 
seem more visible. A clever tactic is to 
use something called averted vision. 
In your eye, there are two different 
types of receptor - one type being the 
cone cells, which are concentrated 
mostly in the middle of your eye and 
give you colour vision, whereas the 
other are rod cells, which are on the 
periphery of your eye and are more 
light sensitive than cones, providing 






you with night vision. When looking 
at a faint object through the telescope 
eyepiece, if you just look off to one 
side of the object through the eyepiece 
while keeping the object on the 
periphery of your vision, it will appear 
brighter because the rod cells around 
the outside of your eye are more 
sensitive to the dim light of the object. 
Experiment with the magnification 
on various eyepieces - you will find 
that different magnifications work 
better on different objects. Also try out 
different filters - an Oxygen III filter 
is often called a ‘nebula filter’ as it 
blocks out all the light except for that 
wavelength of light emitted by oxygen 
atoms in nebulas in space. It can also 
double up well as a light pollution 
filter, blocking that annoying light 
blight that you might unfortunately 
meet during an observing session! @ 


t indoors before use, your telescope will 


| a good half an hour to cool down to the 


ambient temperature outdoors" 
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More can be seen towards the 
south in the UK latitudes 


——~. Use your peripheral vision 





when observing dim objects 
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; : oo ; 7 PM Cerner Galaxy (M31) 


pee 2. a 3 Ss _ ° Constellation: re eer 
ae ae See nee Se) Oe eae 
a TC : Declination: +41° 16’ 0S" 


Ul: Nee Galaxy (see our feature in 
, ears 6 of All About Space) is the nearest 
spiral galaxy to the Milky Way. . 





Jupiter 

Constellation: Taurus 

Right ascension: 17h 52m 14s 

Declination: +64.496° 

The planetary king of our Solar System along with its four 
largest moons lo, Ganymede, Callisto and Europa are visible 
from November through to April in the constellation of Taurus 
before moving close to the horizon in May. Jupiter appears as a 
bright whitish star to the unaided eye but through a telescope 
or pair of binoculars the moons that flank its limbs along with 
storms that rage on the planets surface, which take the shape 
of bands and the Great Red Spot, are visible. 


pS 
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If you get that longed-for telescope this holiday season, here are 
just a few of the amazing sights you'll be able to see after dark... 


Auriga Clusters (IMi36, M37 & M38) Andromeda Galaxy 


Viewable time: Nearly all night Viewable time: Early to mid-evening 
These three star clusters lay on a rough diagonal The Andromeda Galaxy is the furthest object which can be 
line passing through the southern part of the Auriga seen with the naked eye from a dark sky site. Binoculars will 


constellation. Although they are all classified as open 

clusters, they are each quite different from one another. 
The clusters are between 3,500 and 4,500 light 
years away from us and can be found 

nestling in the faint band of light which 
stretches across the sky, known as 
the Milky Way, which is part of a 
spiral arm of our own galaxy. 


show it as an elongated, misty patch. With a telescope, the 
central ‘bulge’ of the galaxy will seem quite bright. The 
Andromeda Galaxy lays 2.5 million light years 
away from us. Because it is so faint though, 
it takes long-exposure photographs 
to show it up well. It can be quite 
tricky to find, so the chart should 
help you pin it down. 
















oe Cer 

ee Co my (tie! 
(M142) 

Viewable time: Practically the whole night 
This is one of the most viewed and most 
sought-after objects in the night sky. Long-exposure 
photographs show this cloud of dust and gas to be 


SCs 
Nay) 

Viewable time: Mid-evening until 
the early hours 

The open cluster Messier 41 is frequently 
overlooked as it is to be found fairly low to the 
southern horizon, but nevertheless, it is still a lovely 


sight. If you drop an imaginary line directly south Cyatitenl full of colour and detail. To the eye, the nebula has a 
from Sirius, the brightest star in the sky, binoculars er mysterious hazy look with a greenish or greyish colour 
ATU Tih ao) Celeb oma aT =e-s00red1 4 cobloRey mil Emel smh hemisphere showing tantalising wisps and tendrils of material. It 
this beautiful cluster. It looks like an irregular patch of is but a part of a much larger region of nebulosity that 
light, but a telescope will show it to be full of stars. surrounds almost the entire constellation. 
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. In the dark night of winter all you need a = . 
are binoculars or a small telescope to se . p 
pick out some beautiful clusters of stars | | 
-- which will take your breath away... a 





The winter night skies are ever 

oleate for star gazing. On cool, clear 7 _ 

nights you'll have a welter of objects _ ; : . A 
Sannin you can see either with the 



















naked eye, binoculars or a small * c 
telescope. Some of the most stunning : 
of these can be detected as tiny jewels * ; ; By 
of light against the blackness of the ee, ee : rs 
sky with just a glance. Binoculars will . : : ‘ le 
turn these, only hinted at treasures, —~ ' 2 ; - 
into glorious fireworks to feast your J 
eyes upon. Here, we'll show you some 
of the very best of the bunch and tell m " 
you a little bit about them and where 7 } | 
to find them: @ 7 : ' ‘3 
Ls ao cy 
+ ee 
- oe 
Star cluster sd ; 
A group of stars that are bound i J 
together by gravity. ‘ 
2 | , , 
PR idvie hee a | _— The Pleiades ° 
This is the distance which light® y ‘Constellation: ager 
travels in one year. This is equal x r a | , R 4 Alt pee 47m 24s 
n to just under 10 trillion kilometres ch — F c “lee Pi a aie oy ! ~ . 
around 6 lion mies. That 3 een rh 
Se ee eee “i a small group of stars sparkling away.. 
6,000,000,000,000 miles! : L — — If you are away from towns or cities 
O | and have sharp eyes, you should be 
Red giant * . : able to count seven or more stars 
A star which has used up most " : in the group. If you turn binoculars 
of its fuel and has expanded and * ie ar ah ie La os ae na fn ee This 
an we. | cluster is also known as the ‘Seven 
ed * Sisters’. However, there are in fact up 


orange/red tint. These are some of 
the largest stars in the universe. 


i Mrtereninl ei 


A star which has neared the end 

of its life and collapsed down to a 
small hot ball of gas perhaps only 
the size of the Earth but with the 
CE Nas om as eelicw- IR] Oar LeD ND 


OREO CMI RUCK earl 
the shoulder of Taurus the Bull, one of 
the 12 constellations of the Zodiac. In 
long-exposure photographs, you'll see 
the thin clouds of gas near these stars 
which is reflecting their light. These 
stars are relatively young at less than 
100 million years old. Unusually for a 
cluster, some of the stars are named, 
dam AVON) MelUCi Cece latin tse 
known as Alcyone and Merope. 
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The Hyades 

Constellation: Taurus 

Right ascension: 04h 27m 

Declination: +15° 52’ 

Just to the south-east of the Pleiades 
star cluster lays the Hyades ‘open’ 
cluster. Easily seen with the naked eye, 
the Hyades cluster, a V-shaped pattern 
of stars lying on its side, represents the 
head of Taurus the Bull. It is much older 
than the Pleiades at some 625 million 
years but is the nearest open cluster to 
us at a mere 153 light years away! It is 
thought these stars are slowly moving 
apart and so in millions of years the 
cluster will no longer exist. If you look 
at the Hyades through binoculars or a 
small telescope you will see hundreds 
of diamond-like stars suspended in 

the blackness. The brightest star, the 
red giant Aldebaran, is not part of the 
cluster, it just happens to lay on the 
same line of sight. 


Messier 35 

Constellation: Gemini 

Right ascension: O6h 09m Ols 
Declination: +24° 21' 

Messier 35 is a gorgeous open star 
cluster due east of the Hyades cluster. It 
is quite different in character, however, 
being more tightly compact than the 
loose collection of stars of its near 
neighbour. It lays about 2,800 light 
years away from us and covers an area 
of sky about the same as the full Moon. 
It consists of at least 120 stars and can 
be just about picked up with the naked 
eye from a dark site and shows up well 
in binoculars and small telescopes. It 
lays just off the ‘foot’ of Castor, marked 
by three stars in a row, the twin of 
Pollux in the constellation of Gemini the 
Twins. In the picture it is shown next 

to the smaller cluster NGC 2158, which 
can be seen in the same field of view 
through binoculars. 


The Double Cluster 
Constellation: Perseus 

Right ascension: O2h 20m 
Declination: +57° 08' 

‘Like diamonds on black velvet’ is a 
good description of this beautiful pair 
of star clusters, which can be seen 
almost directly overhead from mid- 
northern latitudes during the winter 
months. These clusters can be made 
out as a faint misty patch with the 
naked eye and look simply stunning in 
binoculars. They're said to represent the 
‘jewelled sword’ of the Ancient Greek 
hero Perseus who is remembered in 
the stars for killing Medusa by cutting 
off her head. Fortunately, nothing as 
unpleasant happens when you look at 
these two groups of stars, one lying 
6,800 light years away and the other 
around 7,600 light years distant. They 
are thought to be quite young clusters, 
similar in age to the Pleiades. 





The Beehive Cluster 
Constellation: Cancer 

Right ascension: O8h 40m O4s 
Declination: +19° 41' 

About midway up in the eastern night 
sky during mid-December you might 
be able to detect a faint misty patch 

of light with your naked eye. As winter 
progresses, it will climb higher and be 
easier to spot. If you turn binoculars on 
this object, the view will light up with a 
host of stars. This is the Beehive Cluster. 
The stars here are about 600 million 
years old and it lays 577 light years 
distant. It contains both red giant and 
white dwarf stars. Galileo was the first 
person to study the Beehive Cluster 
with the aid of a telescope. Charles 
Messier, the famous French astronomer, 
added it to his catalogue in 1769. The 
ancient Chinese gave this cluster a 
colourful description, calling it the 
‘exhalation of rotting corpses’! 





cI = : * ot ‘ ? " a 
re feet ; a ' 
tm Oa Py F Ca al i % 
= . | . ? o, 3 
F - LT * ne r i 
: = Ms Sa E = fs i *- 
el Ld r 
Ce | Ea L | c 
u L re tI e * 
4 2 an 4 t a é / 
: r : : , " 5 om 
n Fy a 1 : f 
hy r a : 4 5 F z i * ‘ . Ps J ; ap Me o r 
: Ee oe ae : aa de 
7 . 5 Z f % el LS ! 
H Z cS f 
iy 4, H hd a " a - nl . 
Py ; 1 cl 3 ‘ i . " I 

: 4 : a i cat 7 : 3 

ig = i f - ae SE 3 
a ry 1 - : Ls r " 
: L rae ok a7 a 
i eel a i} a i 
= 7 ps Ma Ls = 
Pa ae a wage. . ; Fy 
ry P P ‘ ‘7 * 
a www.spaceanswers.com ' ; - , : 7] 
f - bd 
i ; f “ a rl F 
ca ry i il 














0 Ta Rot astronomy photos A 7 \ . 

pictures of you with your telescope . ———— 

to photos@spaceanswers.com and | oA, 
we'll\showcase them every = . = 





Alan O'Dowd, Ireland i ae 
i ero ce — —— 
Canon EOS 40D, C11 a . 
Vale mel deles) , 
, “T shot this image of the 





A Moon (below) from my 
| , Je back gardenin Dublin, 
. icc ieRbii-e- KecTelon 
_ EOS 40D. The exposure time was\l/320 of 
‘a second, zoomed right in as far as fi 
would go and then Photoshop can help 
you get even closer. 
“For the star trail image, I shot this in 
County Kerry in Ireland with the same 
camera. The exposure time was about 80 
minutes. It took a lot of trial and error to 
get this shot because most of the time 
you have to wait around while the camera 
shutter is open and only after waiting do 
you realise if something went wrong and 
you have'to start again. It’ IVE WSR Voda | 
it, though.” 
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David a 

Telescope: 

Celestron 114 LCM 

“I saw the post asking 

ico) Mpa nneslXorMen IA O)UNE 

Facebook page so 

thought I’d submit this 
picture of the Moon at ®*"« ) 

half phase I took with a digital camera 

through my ‘scope.” 





Dene Se rc ms 
Telescope: Meade 102mm ARO - aoa . - 

“Just wanted to iti aah ae evaveris from tata grey oe 

- and oa AI Te autumn here in Arvika, acer M3l, ie 

Andromeda Galaxy, is seen here heavily light-polluted ; 
oh ane Moon unfortunately, but nevertheless it is my 
Demme Tere ltalt picture, taken through a Meade 102mm 
' APO and 37-minute exposure with a Nikon D80, , 
—— mounted on an uriguided NEQ6 Pro." A 





i 


i 4 
Robert Chadwick, UK 
Telescope: Meade 4504 
“My name is Rob, aged 17 , 
from Manchester, and I i” 
want to go on to become an Nl 
astrophysicist or astronaut. vt 
: I was introduced to rs 4 
Ar astronomy as a youngster i. 
“y a! . by my dad. I enjoy looking at most visible 
) ic nie F fk : : planets. These are two of my images, the 
mos Paoy oe: 7 . Moon and the star Sirius.” 





; Wa by. 
> @spaceanswer — IAtaborSpaceNage © questions@spaceanswers.c com 




























































. ; ae Ve aT. 7 " ’ . Soe == ES 1a oS. a3 
. 4 oy. 4 age. F Bh AN a TL ff Pee , Ge FF . 7 a i 7 ) ee Z a 
PRA CO ot cA ¥ ) 
ae fr Leer ON eer ae a: fae be pi é 
2 ACh Re ee se, Som 
. i hoe” ) ne Sie Ot PP / rr o Ned ae Se 














Cost: £260 ($299) 

From: www.sherwoods-photo.com 

Type: Refractor 

Aperture: 80mm 

Focal Length: 400mm 

Magnification: 150x 

Let's get this out of the way now: this 

telescope is absolutely fantastic, and if 

youre looking for your first telescope 

or an upgrade to your existing one, 

we would highly recommend that you 

consider the Meade ETX 80. 
Warranted praise over, let's get 

down to the nitty gritty. First off, 

don't let the size of this thing fool 

you. Inside that compact and portable 

design is a powerful refractor that 

will afford you excellent views of the 

cosmos, including over 1,400 objects 

available to view with the simple 
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Accessories 
Two eyepieces, a 
built-in Barlow lens 
and a bubble-level/ 
compass come 
included with the 
Meade ETX 80. 


computerised controls. Two Plossl 
eyepieces (9.7mm and 26mm) are 
included, as well as a nifty internal 
Barlow lens for added magnification. 

The greatest feature of 
this telescope, however, is its 
unprecedented level of portability. It 
comes with a backpack that the entire 
telescope and all its accessories can 
fit into, while the tripod attaches on 
the outside. That's not to say you even 
need the tripod, though; the Meade 
ETX 80 can be placed on any flat 
surface and you will still be able to do 
the same level of astronomy as with 
the tripod. 

With excellent portability, in 
addition to fantastic optics and a 
number of nifty features, the Meade 
ETX 80 is just a great telescope. With a 
comparatively low price point to boot, 
we can't recommend this enough, and 
it's highly deserving of our Editor's 
Choice award this month. @ 


Telescope a. <4 
advice 


Whether youre just starting 
out or looking to upgrade, are 
this month's telescopes worth 
your hard-earned cash? 
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Guided tour 
The AutoStar 
software in this 
‘scope is excellent 
for finding objects, 
and it'll even give 
you a guided tour 
of the night sky. 


Align 

The simple 
alignment process 
means you'll be 
observing the 
Stars and planets 
in no time. 


Portability 
The entire telescope 
and tripod pack 
away into a 
backpack so you 
can easily take this 
‘scope anywhere. 





Bl 
There are over 1,400 
objects ; uilt in to the 
telescope’s computer 
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NexStar ® 
The NexStar computer 
technology opens up 
over 4,000 celestial 
objects for your 
viewing pleasure. 


Specifications 
The reasonably large 
aperture and long 
focal length make 
for some excellent 
astronomical 
observations. 


CM 114 is 
Ieee 
to set up 
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Celestron 
LCM 114 


Cost: £358 ($499) 
From: www.hama.co.uk 
Type: Newtonian reflector 
Aperture: 11/44mm 
Focal Length: 1,.000mm 
Magnification: 111x 
The Celestron LCM 114 telescope with 
its excellent NexStar computerised 
technology is a wonderful way to 
perform some terrestrial astronomy, 
and is particularly good for viewing 
the Moon and the planets. 

Over 4,000 celestial objects are 
at your fingertips at the touch of 
a button, and you will get some 
excellent views of the cosmos with 
this telescope's sizeable 114mm 
aperture. The LCM 114 is especially 
good for a beginner, with accurate and 
easy-to-use controls making it simple 


Telescope advice/ 








Setting up 

A quick-release system 
ensures you'll have no 
problems setting this ‘scope 
up and taking it down again. 


Mount 

The Lightweight Computerised 
Mount (LCM) and the 
telescope itself combine for 
high-quality viewings. 











The NexStar computerised technology 
is an excellent addition for beginners 


to open up the entire Solar System and 
beyond for viewing. 

Using the telescope, we found it 
excelled at viewing craters on the 
Moon and also Saturn and its rings, 
two popular objects of observation for 
those getting started in astronomy. 
The tripod is sturdy as well, so you 
won't suffer any blurring effects while 
out and about. However, while it’s 
great for standard astronomy, it's not 
so hot for astrophotography, so if you 
want to do the latter then you might 
want to look elsewhere. 

Overall, though, we found the 
Celestron LCM 114 was easy to set 
up, simple to align and also gave us 
some great views of the cosmos. For 
a beginners’ telescope it’s an excellent 
choice, even if the price point might be 
slightly high when matched to other 
comparable telescopes on the market. 
Nevertheless, it's a great purchase for 
aspiring astronomers. @ 
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Must-have products for budding 


and experienced astronomers alike 


icron Discovery 

PC 10x50 
Cost: £199 ($320) 
From: www.opticron.co.uk 
If youre looking for a good pair 
of binoculars to observe the night 
sky then look no further than this 
excellent offering from Opticron. The 
Discovery 10x5Os are stylish on the 
outside, but also pack some excellent 
optics on the inside to ensure that 
you'll get great views of the cosmos. 
They're also waterproof and use an 
ultra-compact optical design, making 
them some of the smallest water- 
resistant binoculars on the market. 
The lightweight magnesium body only 
adds to the light and portable feel of 
the 10x50Os, while the phase-corrected 
prisms and fully coated optics ensure 
you'll get high-quality views of the 
night sky. A great pair of binoculars at 
a reasonable price that will more than 
please any astronomer. @ 
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Astronom 
Photographer of the 
Year 
Cost: £25 ($40) 
From: www.harpercollins.co.uk 
This fantastic book is a compilation of 
the best astronomy photographs from 
2009 to 2012. It includes a variety 
of categories for each year, including 
our Solar System and deep space, and 
showcases the winners and runners- 
up for each as voted by a panel of 
judges including Sir Patrick Moore. 
The imagery inside is just astounding, 
from the remarkable Trifid Nebula 
to craters on the Moon to comets 
streaking through the night sky. Each 
image is accompanied by text from 
the photographer explaining how it 
was taken and information about the 
object in question. For new or budding 
astrophotographers this is a great book 
that will provide more than enough 
inspiration to view the night sky. @ 


Cost: £40 ($65) 
From: www.sherwoods-photo.com 


This telescope accessory is a great 
way to improve your view of the 

night sky. This red dot finder scope 
has four different reticle patterns 

to choose from that superimpose 
themselves on the night sky through 
a partially reflective dielectric optical 
glass screen on the finder, so you 

can align your telescope properly 

with a celestial object. It replaces the 
other finder you'd usually have on 
your telescope and gives additional 
functionality. It is made of sturdy and 
durable aluminium and fits tubes with 
diameters from six to 14 inches. Bolts 
allow you to adjust its horizontal and 
vertical position as well, while a rubber 
cover protects the glass screen when 
not in use. It’s an accessory that no 
astronomer should be without. @ 





Celestron Eyepiece & 
Filter Kit 

Cost: £185 ($300) 

From: www.hama.co.uk 


This 1.25" eyepiece and filter kit from 
Celestron is a great way to expand 
your views of the night sky. Any 
compatible telescope will be able to 
make use of the five eyepieces and 
one Barlow lens on offer to enhance 
your magnification of the night sky 
and get those extra special views of 
the cosmos, whether youre observing 
craters on the Moon or a distant 
nebula. A variety of filters as well, such 
as a Moon and red light filter, will make 
sure youre getting the best possible 
views of the cosmos. The case itself is 
sturdy but light with plenty of foam 
inside to keep all of the eyepieces and 
filters well protected, and there is also 
some additional room available for 
other accessories. A great box of kit 
that all astronomers will enjoy. @ 
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In this issue's competition you can 
win a great beginners’ telescope 
from Optical Hardware 


The Saxon 4 equatorial mount telescope, supplied to us by Optical 
Hardware (www.opticalhardware.co.uk), is great for amateur astronomers. 
It's got a sizeable 114mm aperture and a 1,000mm focal length, ensuring 
you'll get some fantastic views of the cosmos with ease. 


To enter, all you need to do is answer this question: 
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The NexStar SLT 127 ‘Maeubee 
Cassegrain is an affordable mid level 
computerised GoTo telescope, it is loaded 
with valuable design features. Pre 
assembled, adjustable stainless steel 
tripod and quick release fork arms and 
tubes, means that the NexStar 127 SLT 
telascope can be set up in a matter of 
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also be used as a land-based spotting 


Galloway Astronomy Centre telescope. 
Whether getting a telescope for Xmas or needing help to learn more about the Nexstar 4 27 SLT Goto 


night sky - we have an astronomy course for you. We can explain how to get the Mona 
most out of your scope also how to find those beautiful nebula and galaxies. £359.00 


Suitable for all levels of experience. . 
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_ Copernicus's heliocentric 
—— model placed the Sun at the 
centre of the Solar System 





Nicolaus Copemicus 


The Polish astronomer who 
revolutionised our understanding of 
the Earth's place in the universe 


Nicolaus Copernicus, born in Torun, 
Poland on 19 February 1473, is one of 
the most important astronomers of all 
time. He was the first to provide proof 
that the Sun, rather than the Earth, 
was at the centre of the Solar System, 
which many scientists regard as the 
beginning of our increased scientific 
understanding of the universe. 
Copernicus was about ten when his 
father passed away. He entered the 
care of his uncle Lucas Watzenrode, 
the Prince-Bishop of Warmia, who 
ensured that Copernicus was given 
a proper education. He studied 
mathematics and astronomy at the 
University of Krakow in 1491 and 
began to develop an interest in the 
cosmos. Upon completion of his 
studies, Copernicus returned to Torun. 
His uncle was determined that 
Copernicus should have a career in the 
church so, in 1496, he travelled to the 
University of Bologna to take a degree 
in canon law. Here he met astronomer 
Domenico Maria Novara, who 
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encouraged him to pursue his dream 
of astronomy. After further study, he 

returned to Poland to become canon 

of Frauenburg (now Frombork). 

It wasn't until about 1508 that he 
formulated his own celestial model, 

a heliocentric planetary system with 
the Sun at the centre, which went 
against the then predominant view 
that the Earth was at the centre of 
the universe. The Earth-centric view, 
popularised in the 2nd Century, was 
filled with inconsistencies. It could 
not account for the retrograde motion 
of the planets in the sky, nor the 
annual motion of the Sun, whereas 
Copernicus's model could. 

Copernicus worked on a complex 
mathematical model for his theory, 
and built a modest observatory to help 
with his studies. He summarised his 
findings in a short 40-page manuscript 
in 1514 called Commentariolus (‘Little 
Commentary’ in Latin). The basis of 
Copernicus's theory came from his 
now famous seven axioms that formed 


the crux of his book. These outlined 
his view that the annual cycle of the 
Sun and the retrograde motion of the 
planets were due to the rotation of the 
Earth, which was in orbit around the 
Sun. Copernicus didn't get everything 
right, though. He presumed the 
planets had perfectly circular orbits, 
but German astronomer Johannes 
Kepler proved them to be elliptical in 
the 17th Century. 

He expanded his theory in his 
1543 book De revolutionibus orbium 
coelestium (‘On the Revolutions 
of the Heavenly Spheres’), which 
proved unpopular with the Roman 
Catholic Church. It is rumoured that 
Copernicus died on 24 May 1543 in 
Frauenburg, Poland clutching a copy 
of his book, which was later banned 
posthumously for three centuries. 

Despite encountering resistance to 
his theories Copernicus was adamant 
he was correct, and he was ultimately 
proved to be so. We often refer to the 
heliocentric model of the Solar System 
today as a Copernican system, and his 
influence and bravery to question such 
long-standing and incorrect theories 
will forever be remembered in the 
history of astronomy. @ 
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Visionary binoculars and telescopes are manufactured by Yorkshire based 
Optical Hardware Ltd. We have selected this product range because the folks at 
Oe CCM cr A WM Tel me) eMac (om metry (elite UT s 
oe GETS eee Mm MCMC CLeTe) Come CEC LAV M CUCM COME Ce\ Re Lae 
ae with around 200 models of binoculars and telescopes to choose from there are 

< models to suit every application and budget. All Visionary products available most 
in stock, we buy directly from Optical Hardware and can offer exceptional prices. 
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Saxon10 | Saxon Astro Telescopes 


A high performance 10” parabolic reflector, 
supplied in an outfit complete with heavy Saxon 4 


99 
duty MD5EQ tripod and motor mount, side 1000/144 outfit s] 69 
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An ideal telescope for beginners to astronomy. 4.5” many similar looking models on the market. s ri 
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good viewing for basic astronomy. Supplied in an outfit <= = 7 40) 0 een £65.00 ~' 
with tripod, mount, side finder and eyepieces, everything 
to get started. 99 j GAG). <61 0 eee eeseees £82.00 . 
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Mira Ceti 1400mm/150mm_— ¥ —— | | OSTARA oS! —_ 
Astro telescope kit ) [ Pas edhe . 
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5 ee —) Visit www.camera-shop.co.uk 
ee to see our full range. 
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Camera Shop are a leading UK 
retailer specialising in Cameras, 
Optics, Underwater Photography 


and Astronomy Equipment. 


All offers are subject to availability and prices are subject to change without notice. 
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VOSTOK 1 


One of the most successful space 
designs ever, the initial flight of the 
Vostok which carried the first 
human being into space was 
launched on April 12 1961. 

Vostok 1 carrying cosmonaut Yuri A. 
Gagarinmade a single orbit of Earth 
before re-entry. 
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